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I.

Introduction and Scope

Allied Engineering, Inc. (AEI) was contracted by The State of Maine, Bureau of General Services to
complete an assessment of the existing HVAC systems at the Maine State Cultural Building for the purpose
of developing a scope for upgrades to the systems throughout as warranted.
The project assessment and scoping phase shall include the following:
1. Meet with designated representatives of the facility to gain an understanding of the use and
environmental requirements of each functional space.
2. Conduct field visits to assess the configuration and condition of existing systems, analyze existing
building design documentation, become familiar with prior renovations and functional space changes
throughout the facility, and interview occupants within each of the spaces to gain an understanding as
to the adequacy of the current systems to maintain acceptable conditions based upon use and
occupancy.
3. Gather information relative to future growth potential, diversity of functional spaces, potential use
changes, space conditioning requirements, and prioritization of upgrades.
4. Assess the building envelope to the extent necessary to determine its capacity to support
environmental requirements in each of the functional spaces while improving the energy efficiency
for the spaces.
5. Conduct a preliminary renovation impact survey to assess the extent of impact to asbestos containing
materials as imposed by the proposed HVAC upgrades.
6. Develop a report of recommendations for upgrades to the HVAC system based upon information
collected during the assessment phase, complete with estimates of probable construction costs, and
inclusive of required asbestos abatement and envelope improvements, to support the HVAC
upgrades.
7. Review and evaluate effects of positioning a temporary HVAC unit on the roof top of the main
building, positioned over the mechanical room space.
The purpose for the assessment is to analyze the condition and operability of mechanical system and
equipment throughout and develop a report of recommendations for upgrades with a prioritization schedule.
The schedule for replacement is developed based upon the following factors:
-

Overall system condition
Age of equipment
Dependability of operation
Energy efficiency
Controllability
Code compliance
Ability to meet the needs of the facility based upon current use, per functional space

The assessment incorporates the following items:
1.
2.

1

Visual assessment of systems condition and operation
Interview of designated facility personnel to gather information relative to space comfort,
systems efficiency, maintainability, and other relevant information.
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3.

4.
5.

Review of system design documentation to analyze the ability for systems to meet current code
requirements and industry standards for occupant comfort, indoor air quality, and efficiency of
operations.
Report of recommendations for upgrades based upon current facility use.
Structural review of the roof framing below and surrounding the proposed temporary HVAC
unit based on current BGS guidelines and IBC 2009 snow loading requirements for drifted
snow considerations.

Although the focus of this assessment shall be the HVAC system, our assessment offers recommendations for
remediation/upgrade as required for electrical, structural, and building envelope systems as required to
accommodate the HVAC upgrades. Additionally, included herein, is a preliminary asbestos renovation impact
survey which captures the extent for asbestos remediation resulting from the proposed HVAC upgrades.
II.

Existing Conditions

A.

General

The facility was constructed in approximately 1969 and comprises approximately 150,000 sf of 5 story
construction (South Wing is 5 story, East and West Wings are 3 story) with a partial basement. The facility
houses three primary functions as follows:
-

-

Maine State Museum/Exhibit: The museum/exhibit space is located at the South Wing and extends
through the first, second, third, and fourth floor areas.
Maine State Library: The Library/Stacks area is located at the East Wing with Stacks located at the
first and second floors and administrative functions at the third floor. Additionally, the Library
Research area is located at the fifth floor of the south wing.
Maine State Archives: The archives are located at the west wing with stacks at the first and second
floors and administrative functions at the third floor.

Based upon a descending grade at the site, the main entry is at grade, on the north side of the facility, at the
third floor level. The exit for the south of the facility (Museum/Exhibits), as well as the main loading dock,
are also at grade but at the first floor of the facility.
In approximately 1987, the open court entry located at third floor was infilled to create a gathering space for
entry to the facility.
Much of the Museum/Exhibit wing was originally constructed as shell space, having been built out in the
early 1970’s with routine changes as exhibits are changed.
The Library and Archive areas have received little renovation since original construction.
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B.

Heating, Ventilation, and Air Conditioning
1. Heating System
Heat for the facility is provided low pressure steam which enters the west mechanical room at the
basement area. Steam is distributed to air handlers located at four main mechanical rooms where it
serves both pre-heat and re-heat coils at each air handler to maintain discharge air temperature
suitable for space heating throughout the functional spaces. A steam coil is also located at the roof
mounted air handler serving the gathering space at the main entry.
Additionally, steam serves two steam to water heat exchangers located at the west mechanical room
in the basement, each sized at approximately 900 MBH. The hot water generated by the heat
exchanger is pumped through the facility to serve fintube radiation at perimeter spaces throughout the
above grade areas of the Library and Archives wings. Two base mounted hot water pumps are located
at the basement mechanical room, sized to accommodate approximately 900 MBH of heating
capacity, each.
Steam is also utilized to serve unit heaters at the Loading Dock and service areas.
At the fourth floor exhibits area, there are several duct mounted steam reheat coils to serve zones
throughout. Many of these coils are reported to have been decommissioned throughout the years.
Finally, at the first floor exit for the Museum/Exhibit area, duct mounted electric resistance coils are
used to provide supplemental heating at the exit.
2. Cooling System
Cooling for the facility is provided by a chilled water distribution system which uses two water
cooled chillers to produce chilled water for circulation through cooling coils in the air handlers
throughout the facility.
The chillers, both manufactured by Trane, are located in the basement mechanical room. One chiller
utilizes R22 refrigerant, was installed in approximately 1986, and is sized at 200 tons. The second
chiller is an R134a machine also sized at 200 tons and was installed in approximately 2007.
The chillers are served by two cooling towers located at the south side of the facility. Like the
chillers, it appears that one was installed in approximately 1986 and the other more recently. The two
towers appear to be of different sizes, although nameplate data is not readily accessible. Based upon
reports, we believe that one tower is sized at approximately 120 tons, of original building vintage
while the other is of 200 ton capacity, installed with the 200 ton chiller in 1986.
Two base mounted condenser pumps are located in the basement mechanical room and are each sized
for a 200 ton cooling capacity. Similarly, two base mounted chilled water pumps are located in the
basement mechanical room, each sized to accommodate approximately 200 tons of cooling.
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3. Space Conditioning and Ventilation
Space conditioning and ventilation is provided by ten primary air handling units located throughout
the facility. Each air handler contains a steam pre-heat coil to condition the raw mixed air, a steam
reheat coil to maintain a discharge air temperature suitable for heating the space served (heating
mode), a chilled water coil to maintain suitable discharge air temperature for cooling the spaces
served (cooling mode), a variable speed supply fan which modulates to maintain a static pressure
setpoint at the supply duct, and a variable speed return fan (except where noted), remote mounted at
the main return duct, which modulates to maintain static pressure at the return plenum for each air
system. Additionally, as noted elsewhere herein, some of the units contain steam dispersion
humidifiers for providing winter humidification for the spaces served.
S-1, located at the basement mechanical room serves the Basement area and is a constant volume,
single zone system. This unit does not incorporate a return fan, but, instead incorporates an exhaust
fan located at the east end of the basement to provide general exhaust for the basement area. Fresh air
for S-1 is ducted in from the transformer vault located at the west end of the facility. General exhaust
is ducted through the sidewall at the east end of the basement near the loading dock. The system
utilizes the lower level corridor and mechanical room as a return plenum.
AC-1, located at the third floor mechanical room in the east wing, serves the first floor Library Stacks
area. This is also a constant volume, single zone system whereby discharge air temperature in both
heating and cooling modes is controlled based upon the average load for the spaces served. AC-1 is a
typical air handler with steam pre-heat coil, steam reheat coil, chilled water coil, supply fan, and duct
mounted return fan. The air handler does not contain a humidifier.
AC-2, also located at the third floor mechanical room at the east wing, serves the second floor Library
Stacks area. This unit is configured identical to AC-1.
AC-3, located at the third floor mechanical room at the west wing, serves reference and circulation
areas at the second floor of the Library Wing, administrative areas at the third floor of the Library
Wing, the Main Lobby area at third floor, and administrative areas at the third floor of the Archives
Wing. Configuration for AC-3 is very similar to AC-1 and AC-2.
AC-4, also located at the third floor mechanical room in the west wing, serves the Search Room and
the former Photoduplication Lab both of which are located at the third floor of the Archives Wing and
are currently used for administrative functions. Configuration for AC-4 is similar to that of AC-1, 2,
and 3 except that it contains a unit mounted humidifier controlled to maintain humidity levels at the
spaces served, based upon the average need.
AC-5, located at the third floor mechanical room in the west wing, serves the first and second floor
Archive Stacks areas, the Maine Room at the Library Wing on second floor, and the vault located at
the central area on second floor. Configuration for this unit is similar to AC-4, inclusive of
humidification.
AC-6, located at the fourth floor mechanical room in the south wing, serves the fourth floor exhibits
area in the Museum/Exhibits Wing. This system is configured similar to AC-4 and AC-5 and,
additionally, includes duct mounted steam reheat coils and dispersion style humidifiers to provide
condition to independent zones throughout the system. Although access to the ceiling space was not
4
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possible on the date of the visit, it is reported that the zone reheats and humidifiers have since been
disabled with ongoing space renovations and are no longer operational.
AC-7, located at the fourth floor mechanical room in the south wing, serves the fifth floor research
area. This unit is configured similar to AC-4, 5, and 6, including a unit mounted humidifier.
AC-8, located at the fourth floor, south wing mechanical room, serves the third floor Museum/Exhibit
Space and is configured similar to AC-4, 5, 6, and 7.
AC-9, located at the fourth floor south wing mechanical room, serves the first and second floors of
the Museum/Exhibits wing and is configured similar to AC-1, 2, and 3, with no humidification
capabilities.
AHU-1, located on the roof above the main lobby, serves the gathering space at the main entry. This
unit has no provision for mechanical cooling. It is configured with a mixing box, steam face and
bypass coil for heating, and constant volume supply fan.
The general exhaust associated with the air handlers at the west mechanical room is ducted up
through the roof deck into a concrete vault located at the roof, where it is routed through sidewall
louvers located all around the vault, concealed behind an outer wall surrounding the vault. The fresh
air intake for the air handlers is taken from a plenum located at the exterior wall. Originally the
plenum pulled outside air from the sidewall of the building adjacent to the main entry. However,
when the gathering space was constructed in 1987, the louvers were removed and fresh extended
from the top of the plenum, through the roof to a gravity ventilation hood.
The fresh air and exhaust air for the air handlers in the east mechanical room are configured identical
to that in the west mechanical room, except the mirror image thereof.
Fresh air for the fourth floor mechanical room is pulled from a plenum at the north wall of the
mechanical room which pulls air through the exterior wall through a series of three louvers each
concealed behind a stone panel which is proud of the wall. General exhaust for the air systems at the
fourth floor mechanical room is routed to an exhaust plenum located at the east wall of the
mechanical room where it is then ducted out of the building through the bottom of the plenum to the
soffit above the loading dock area. Both the fresh air and exhaust air were originally designed to exit
the respective plenums through the roof, so, apparently the routing was revised at some point.
In addition to the ten main air handlers, are several secondary, point of use air handlers, including the
following:
-

5

A constant volume makeup air unit, with steam preheat and steam reheat coils is located above the
ceiling at the paint spray booth on first floor, in the Exhibit workshop area. This unit provides 100%
outside air to the space to offset the paint spray booth exhaust. The fresh air is ducted to the areaway
outside the transformer vault. Exhaust air for the paint booth rises above grade in a chase at the west
wall of the Museum/Exhibit Wing where it is routed to the exterior through a sidewall louver at the
shaft. A welding hood exhaust duct also rises in this shaft and exhausts through the sidewall, formerly
serving a welding hood at the Archives Receiving area at the first floor. The welding hood has been
removed and the system de-commissioned. A floor mounted exhaust fan, also located in the Archives
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Receiving area has been stabbed into the welding duct, reportedly to serve a Kiln, which has also
been removed and de-commissioned.
-

A second constant volume makeup air unit is located in the Collection Storage Room at the northwest
corner of the fourth floor Exhibit space (H+V-2). This unit pulls 100% outside air through a gravity
intake ventilator located at the roof above to provide makeup air for the paint spray booth located in
the Collection Storage Room. This unit contains a steam heating coil to temper the incoming fresh air.

-

A third makeup air unit (H+V-1), located in the Art Lab at the fourth floor Exhibits area is ducted
through the roof to an intake gravity ventilator to provide makeup air for two fume hoods located in
the space.
The Research Room at the fifth floor, at some point since original construction, has been divided to
include a “Special Collections” area. The supply diffusers at this area have been blocked off and a
dedicated ductless split air conditioning system has been installed to provide space conditioning.
Additionally a wall mounted humidifier has been installed in this space to add humidification during
the winter months.
Bathroom exhaust is provided by three separate exhaust fans, one utility set located in the third floor
east mechanical room, one utility set fan located in the fourth mechanical room, and one rooftop fan
located at the fifth floor roof.
Each of the four mechanical equipment rooms also includes a utility set exhaust fan which ventilates
the mechanical room.
Each of the two elevator shafts has an exhaust fan ducted to the top of the shaft to provide shaft
ventilation. The fan for Elevator #3 is a utility set fan located in the third floor east mechanical room
and the fan for elevator #4 is a rooftop fan mounted at the fifth floor roof.

4. Temperature Control System
The temperature control system within the facility is a hybrid, pneumatic/electronic system by
Honeywell. All damper actuators and valve actuators are pneumatic, with pneumatic thermostats
throughout. These components are, primarily original to the facility construction with ongoing repairs
as necessary.
In approximately 1997, the temperature control system was upgraded to replace the existing central
time clock with an integrated electronic energy management system, which was, essentially, an
extension of the Honeywell EBI DDC system located at the Cross State Office Building. This
upgrade installed several electronic controllers, which through the use of pneumatic to electronic
transducers allows the original pneumatic components to be controlled through the central electronic
BAS.
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III.

A.

Conditions Assessment

Heating Ventilation, and Air Conditioning
1. General:
Discussion with representatives of the maintenance staff as well as each of the three programs within
the facility indicate that the existing HVAC system does not provide adequate control of the spaces
within the building to meet the requirements of the functional space.
It is reported that both space temperature and space humidity is outside of required parameters and
that spaces near the perimeter of the building are cold in the winter and either too warm or too cold in
the summer, with poor control.
2. Heating Systems
One of the two steam to water heat exchangers has been abandoned in place due to a reported failure
of the equipment. The one remaining heat exchanger appears original to the facility and is at the end
of its dependable service life, based upon published standards for this type of equipment.
The hot water pumps appear original to the facility, are in very poor condition, and are at the end of
their predicted useful service life.
Steam traps at several areas are reported to be leaking with visible steam at the condensate receiver
vent.
The condensate receiver located at the basement mechanical room appears to be original to the
facility and in poor overall condition.
Pneumatic control valves at finned tube radiation are original to the facility and are leaking at several
areas.
It is reported that the piping system for the hot water distribution is in poor condition, having failed in
several areas on previous occasions.
The pneumatic control valves at many of the perimeter fintube terminals do not appear to be
operational.
3. Cooling System
It appears, based upon a review of the contract documents and discussion with representatives at the
site, that the facility was originally constructed with a 120 ton chiller and a 120 ton cooling tower, to
serve chilled water to cooling coils in AC-4, AC-5, and AC-6, which served the Archives and fourth
floor exhibits areas. In approximately 1986 all air handlers received chilled water coils and a 200 ton
chiller was installed to replace the 120 ton machine. At that time, a 200 ton cooling tower was added
and the existing 120 ton tower remained for backup.
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In 2007, a second 200 ton water cooled chiller was installed to replace the original 120 ton chiller. At
that time, it appears that the chilled water pumps were also replaced. The original 120 cooling tower,
however was not replaced at the time.
With above stated, the newer chiller is in good overall condition, utilizes R134a refrigerant, and is
well within its predicted dependable service life of 20-25 years.
The two chilled water pumps are in good condition and within their predicted dependable service life.
The two cooling towers are in very poor condition, are beyond their predicted dependable service life
of 20 years and have been patched on several occasions. The towers use constant speed fans which
are inefficient by current standards.
Condenser pumps also appear to be in excess of 20 years of age and beyond their predicted
dependable service life.
4. Ventilation and Space Conditioning
The ten primary air handling units are original to the facility. The air handlers are insulated internally
with fiberglass duct liner that is in poor condition.
The casing is leaking at many of the units, with makeshift drain pans below them to capture water
condensing at the cooling coil.
Many of the steam and chilled water coils are original to the equipment, however, it is reported that a
few coils have already failed and been replaced.
The air handlers use pneumatic controls and many of the dampers are difficult to access.
These units are well beyond their predicted dependable service life of 25 years. Although many
motors have been replaced and outfitted with variable speed drives, several of the motors are noisy,
and during the site investigation, it was noted that the return fan for AC-4 has failed and not
operational.
The outside air damper position was observed to be at nearly zero position with 100% return on many
of the units.
Although ceiling spaces were not accessible at many locations during the assessment, it is reported
that much of the ductwork is leaking air in the ceiling plenum.
Air handlers, with the exception of AC-6 are all set up to control in single zone fashion. As such, the
discharge air temperature is modulated at each unit to maintain average space temperature. The units
are constant volume, with no ability to modulate flow based upon space conditions.
Similarly, the units with humidification provisions contain the humidifier at the air handler (AC-4, 5,
6, 7, and 8) and satisfy humidification requirements based upon the average space condition.
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At AC-6, although the unit originally incorporated reheat coils and humidifiers at individual zones at
the fourth floor, it is reported that the humidifiers are no longer operational and many of the reheat
coils have been decommissioned.
The rooftop unit serving the gathering space at the main entry has no mechanical cooling provisions.
The steam and condensate piping serving the unit is in very poor condition. Currently, it is observed
that the unit is delivering little to no outside air to the space.
The ductless split and wall mounted humidifier located at the Research Room on the fifth floor are
both in good overall condition having been installed recently, however, the shelving within the area
creates difficulty in circulating the conditioned air through the space.
Bathroom, elevator, and storage/machine room exhaust fans are original to the facility and are at the
end of their dependable service life.
The makeup air units serving the paint booths and fume hoods appear to be original to the facility and
are at the end of their dependable service life. These units are pneumatically controlled with valves
and dampers in poor condition. The steam valve at the makeup air unit serving the paint booth in the
Receiving area is leaking by, overheating the space.
The exhaust fans serving the fume hoods and paint booths also appear to be original to the facility and
at the end of their dependable service life.
5. Temperature Controls
The temperature control system within the facility is antiquated. It offers limited control for comfort
within the functional spaces as multiple spaces with differing occupancies and exposures are
contained on single control zones.
The pneumatic control valves are leaking at several areas and it is reported that the pneumatic tubing
leaks at several locations, impeding controllability.
The electronic front end for the control system, although modern in comparison to the pneumatics, is
approaching 20 years of age and becoming antiquated by electronic standards.

IV.

HVAC Discussion, Scoping Conclusions, and Basis for Upgrades
With the exception of the newer chiller and the chilled water pumps within the facility, all mechanical
systems have reached the end of their dependable service life based upon published standards.
The systems throughout the facility are operating at or near capacity with little regard for back up
capacity or redundancy.
It is reported that, overall, the central systems are able to provide adequate heating and cooling
capacity to all areas of the building, based upon operation of a single chiller and tower. With that
being said, it appears that duct sizing is adequate, at most areas, to support the required airflow to
each functional space. Similarly, it appears that air handlers are large enough to provide the air flow
9
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requirements for most areas. However, it does not appear that the quantity of outside air being
introduced for ventilation currently is adequate to meet current standards for indoor air quality.
The air handling units are each configured with a steam preheat coil followed by a chilled water coil,
then followed by a steam re-heat coil. The original design sized the coils such that the preheat coils
have the capacity to raise approximately 23% outside air up to 85 degrees. The reheat coil, located
downstream of the chilled water coil, has the capacity to reheat 55 degree air to 85-95 degrees. As
such, the reheats have the ability to provide both supplemental space heating in the winter, and
summer reheat for dehumidification during times of mechanical cooling.
Many of the individual spaces have no individual temperature control and rely on average conditions
for temperature control. Even though perimeter radiation is present at spaces with perimeter exposure,
it is reported that the pneumatic thermostats are no longer functional at many of these areas.
A preliminary calculation of heating and cooling requirements for the facility, considering increased
ventilation, cooling for the Gathering Space, and proper dehumidification, results in an overall
cooling capacity of approximately 370 tons.
The calculated requirement for hot water reheat capacity (accounting for upgrades recommended
elsewhere herein) is approximately 3200 MBH. The existing fintube radiation totals a capacity of 900
MBH.
The steam load imposed by the preheat coils is 5,470 MBH. The steam load for the existing steam
reheat coils totals approximately 5,500 MBH.
In 1986, when the Gathering Space addition was added at the main entry, the existing fresh air intake
for air handling units in the east and west third floor mechanical rooms were relocated to the roof,
south of the addition. These new rooftop gravity ventilators significantly reduced the fresh air intake
for the facility. The free area of the gravity ventilators will not support economizer cooling for the air
handlers in these spaces.
Based upon our discussions and observations at the site and our experience with similar facilities, the
following shall outline the basis for our HVAC scoping recommendations:
Codes, Standards and Authorities Having Jurisdiction:


2012 International Energy Conservation Code (IECC), amended

•

ASHRAE Guidelines for Archival Climate Control (Refer to Appendix D herein)

Design Criteria:
HVAC system design to be based on 2013 ASHRAE Fundamentals Handbook Climactic design
conditions for Bangor, Maine:
• 99.6% Winter Frequency of Occurrence: -3 deg F dry bulb.
• 0.4% Summer Frequency of Occurrence: 84 deg F dry bulb/69 deg F wet bulb.
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Applicable codes:
ASHRAE Standard 62.1 – 2007
ASHRAE Standard 90.1 – 2010
Maine Internal Plumbing Code 2007
NFPA 90A, Stand for the Installation of Air-Conditioning and Ventilating Systems
NFPA 101, Life Safety Code
IBC, International Building Code – 2009
Indoor design conditions-Museum/Exhibit Spaces (ASHRAE Class A):
Winter- Space temperature setpoint 70 degrees +/-4 deg, 35% RH +/-5%
Summer- Space temperature setpoint 70 degrees +/- 4 deg, 45% RH +/- 5%
Indoor design conditions-Library Stacks/Research/Collections (ASHRAE Class A):
Winter- Space temperature setpoint 70 degrees +/-4 deg, 35% RH +/-5%
Summer- Space temperature setpoint 70 degrees +/- 4 deg, 45% RH +/- 5%
Indoor design conditions-Archive Stacks (ASHRAE Class A):
Winter- Space temperature setpoint 70 degrees +/-4 deg, 35% RH +/-5%
Summer- Space temperature setpoint 70 degrees +/- 4 deg, 45% RH +/- 5%
Indoor design conditions-Administrative/Support Spaces (ASHRAE Class C):
Winter- Space temperature setpoint 70 degrees +/-9 deg, 25% RH to 45% RH
Summer- Space temperature setpoint 70 degrees +/- 9 deg, 45% to 75% RH

V.

HVAC Upgrade Recommendations
A.

General
This report is offered to assess and evaluate the overall condition of the HVAC systems, and analyze
its ability to provide space conditions suitable for the served areas, based upon our discussions with
facility representatives from each building department. This report is developed and
recommendations made herein in an effort to strategize and prioritize upgrades to the HVAC systems
as necessary to provide dependable system operation and satisfactory environmental conditioning
through the served spaces.
Our assessment and the recommendations made herein are based upon our experience with similar
facilities and current code requirements and consider the following items:
•
•
•
•

11

Code Compliance
Efficiency of operation
Condition and age of the existing systems
Ability for existing systems to provide adequate function and comfort based upon space use.
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Although estimates of probable construction cost are included with each of the recommendations
outlined herein, it should be noted that these estimates are very preliminary in nature, based upon a
scope of work yet to be fully vetted, and are made to establish an order of magnitude for potential
renovations.

B.

Heating, Ventilation, and Air Conditioning
1. Heating System
a. Given the age and condition of the existing steam to water heat exchangers and associated hot
water distribution pumps, coupled with the fact that the system is sized only for the perimeter
fintube radiation, we recommend that the two new steam to water heat exchangers be
installed to replace the existing, each sized to serve both the fintube radiation and hot water
reheat coils as proposed elsewhere herein (approximately 3,200 MBH).
b. Replace the existing base mounted hot water pumps with two new inline variable speed
“smart pumps” sized to accommodate the hot water heating load.
c. Replace the existing hot water piping distribution loop serving the perimeter radiation with a
new loop sized to accommodate both the fintube radiation and reheat coils.
d. Upgrade the steam service in the basement mechanical room to facilitate the increase heat
exchanger capacity.
e. Replace the existing condensate receiver set within the basement mechanical room.
f.

Replace existing traps serving the steam condensate piping throughout the mechanical room.

g. Insulate new and existing steam, condensate, and hot water supply/return piping in
accordance with ASHRAE 90.1 requirements.
h. Replace the existing pneumatic control valves with electronic two way valves.
2. Chilled Water System
a. Replace the existing R22 200 ton chiller with a new 200 ton water cooled chiller using modern
refrigerant. Although the peak load is calculated at 370 tons, it is reported that, under current
operating conditions, a single 200 ton chiller is able to provide adequate cooling for the facility.
With that said, a 400 ton chiller plant, even with one chiller down for service, should provide
adequate redundancy as long as a protocol is in place to minimize outside air and minimize
cooling at non-critical areas in this scenario.
b. Replace the chilled water pumps with two new variable speed pumps sized to accommodate the
peak chilled water flow.
c. Replace both cooling towers with new 200 ton units which incorporate variable speed fans to
maximize the energy efficiency.
12
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d. Replace the existing condenser pumps with new pumps, sized such that each can accommodate
the peak cooling load.
3. HVAC Distribution
a. Given the condition and age for the existing air handlers, but considering the apparent structural
soundness for the air handlers and the difficulty associated with their replacement, we
recommend the following common upgrades for each of the nine central, primary air handling
units (AC-1 through 9):
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•

Remove the existing chilled water, steam pre-heat, and steam reheat coils. The steam reheat
coil will not be reused in these units.
Remove humidifiers from applicable units (AC-4, 5, 6, 7, and 8).
Remove the existing fibrous glass acoustical liner.
Remove existing filters and filter4 racks as required for upgrades noted herein.
Refurbish the drain pan at the chilled water coil section.
Refurbish the drain pan section at humidifier sections.
Apply a spray applied three stage coating to the entire inner surface of the air handler to
include an epoxy base coat at the base of the unit, NFPA 90A compliant fire barrier over the
entire surface, and a water proof anti-microbial top coat throughout. This liner shall restore
the integrity of the air handling units casing.
Install a replacement chilled water coil at each unit.
Install a replacement steam preheat coil at each unit.
Refurbish the supply fan at each unit to include new bearings and motors, with grounding
rings to operate with variable speed drives.
Refurbish the duct mounted return fan at each system to include bearings and motors, again
for use with variable speed drives.
Rebuild the damper linkages at the exhaust air, return air, and outside air dampers for each of
the units.
Replace the pneumatic chilled water and steam preheat valves with electronic valves.
Replace all pneumatic damper actuators with electronic actuators.
Replace pneumatic sensors with electronic sensors.
Replace the humidifier section at AC-5, 6, and 8.
Reinsulate each air handler using closed cell insulation adhered to the interior of the unit
(walls and ceiling)
Upgrade filter racks such that air handlers serving Class A spaces (AC-1, 2, 5, 6, 7, 8, + 9)
incorporate MERV 8 pre-filters and MERV 14 final filters. Units serving Class C spaces shall
receive MERV 8 filtration (AC-3, AC-4, + S-1).

In order to accomplish the upgrades for each system, we recommend that a temporary air handling
unit be installed at the roof south of the Gathering space, near the unit serving the gathering space to
provide temporary service for each of the existing air handling units during the time in which they are
being refurbished. The unit will be sized to accommodate the largest air handling system and will
include steam preheat coil, chilled water cooling coil, humidifier, mixing box, pre and final filter
sections, supply fan, and return fan. This unit will be ducted into each of the three upper level
mechanical rooms to serve existing air systems one at a time while repairs are being made. Ducts will
13
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drop through the roof of the third floor mechanical rooms and through the side wall of the fourth floor
mechanical room.
Also, in order to insure that air handlers can provide 100% outside air for economizer cooling, the
fresh air louvers at the third floor east and west mechanical rooms will need to be increased
significantly in size. We propose to extend each fresh air plenum above the roof line adjacent to the
high roof and install a full length sidewall louver at this extended plenum. A preliminary review of
the fourth floor mechanical room indicates that the existing louvers may be adequate to support the
economizer cooling.
b. For S-1, provide the following upgrades:
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Remove the existing chilled water, steam pre-heat, and steam reheat coils. The steam reheat
coil will not be reused in this unit.
Remove the existing fibrous glass acoustical liner.
Refurbish the drain pan at the chilled water coil section.
Apply a spray applied three stage coating to the entire inner surface of the air handler to
include an epoxy base coat at the base of the unit, NFPA 90A compliant fire barrier over the
entire surface, and a water proof anti-microbial top coat throughout. This liner shall restore
the integrity of the air handling units casing.
Install a replacement chilled water coil.
Install a replacement steam preheat coil.
Refurbish the supply fan to include new bearings and motors, with grounding rings to operate
with a variable speed drive.
Replace the general exhaust fan EF-7.
Rebuild the damper linkages at the exhaust air, return air, and outside air dampers.
Replace the pneumatic chilled water and steam preheat valves with electronic valves.
Replace all pneumatic damper actuators with electronic actuators.
Replace pneumatic sensors with electronic sensors.
Reinsulate the air handler using closed cell insulation adhered to the interior of the unit (walls
and ceiling)
Extend the return duct to connect to the unit’s mixing box such that the mechanical room is
no longer used as an air plenum.
Add a hot water reheat coil at the main supply duct to modulate the discharge air temperature
based upon space requirements as monitored from the Break Room.
Supply fan speed shall modulate from minimum to maximum as required to maintain the
cooling demand (minimum when satisfied – maximum for max cooling).
General exhaust fan shall modulate to track supply fan speed.
Preheat and chilled water control valves shall modulate to maintain discharge air temperature
(55 deg summer, 65 deg winter).
Enthalpy based economizer cooling shall use outdoor air for free cooling when ambient
conditions permit.

c. For the three makeup air units and their associated exhaust fans, it should be verified that these
systems are still used for their intended purpose. In the event that the fume hoods or spray booths
are no longer used, the systems may be de-commissioned with no further upgrades required. If,
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however, the systems are still being used for their intended process, the following upgrades shall
be recommended:
•
•
•
•
•
•
•
•
•
•
•

Remove the existing steam coils.
Remove the existing fibrous glass acoustical liner.
Install a replacement steam coil.
Refurbish the supply fan to include new bearings and motors.
Replace the associated exhaust fans.
Rebuild the damper linkages.
Replace the pneumatic steam valves with electronic valves.
Replace all pneumatic damper actuators with electronic actuators.
Replace pneumatic sensors with electronic sensors.
Reinsulate the air handler using closed cell insulation adhered to the interior of the unit (walls
and ceiling)
Interlock each supply and exhaust fan to operate together when commanded. OA damper
open when operating, closed with unit off. Steam valve modulates to maintain discharge air
temperature at 70 deg (adj).

d. Replace the rooftop unit serving the Gathering Space at the entry. We recommend that this unit
incorporate a steam heating coil with face and bypass dampers, a chilled water cooling coil,
enthalpy based economizer cooling and demand control ventilation to modulate outside air based
upon space occupancy.
e. Replace the bathroom exhaust fans and storages room exhaust fans. Interlock each fan with its
associated air handling system.
f.

System Specific Upgrades:
AC-1
This system serves the first floor level of the Library Stacks. Currently, it is a constant volume
system with single zone temperature control and no humidification. The system does not provide
adequate control to meet ASHRAE Class A standards.
We recommend the following upgrades:
•

•
•
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Add duct mounted humidifiers at the East and West main duct branches serving the space.
These humidifiers will be steam injection units, either fed steam from the central plant, or if
chemical treatment for the steam system is not conducive to the stored material, provide selfcontained electric steam generators. Humidifiers will modulate to maintain space humidity at
setpoint as measured at the return duct serving each space.
Add a duct mounted hot water reheat coil and motorized damper with airflow station at each
duct branch (east and west) to maintain space heating and cooling setpoints for each zone.
Electronic control valves for each reheat coil will modulate to maintain space temperature in
heating mode. In cooling mode, the dampers will modulate from max to min flow in
conjunction with reheat coil valve to maintain cooling setpoint at each space.
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•
•
•
•
•
•

A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
A differential pressure sensor at the hot water supply and return pipes will modulate hot water
pump speed to maintain system demand.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.
A differential pressure sensor at the chilled water supply and return piping will modulate the
pump speed based upon system demand.

AC-2
This system serves the second floor level of the Library Stacks. Currently, it is a constant volume
system with single zone temperature control and no humidification. The system does not provide
adequate control to meet ASHRAE Class A standards.
We recommend the following upgrades:
•

•

•

•
•
•
•
•
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Add duct mounted humidifiers at the East and West main duct branches serving the space.
These humidifiers will be steam injection units, either fed steam from the central plant, or if
chemical treatment for the steam system is not conducive to the stored material, provide selfcontained electric steam generators. Humidifiers will modulate to maintain space humidity at
setpoint as measured at the return duct serving each space.
Add Variable Air Volume (VAV) boxes with hot water reheat coils at each individual
functional space. In an effort to minimize the impact to occupied spaces and based upon a
review of the existing plans (field verification will be necessary) we are recommending the
installation of 5 VAV terminals.
Electronic control valves for each reheat coil will be interlocked with new electronic valves
serving the fintube radiation (where applicable), to stage the coil and fintube to maintain
space temperature in heating mode. In cooling mode, the dampers will modulate from max to
min flow in conjunction with reheat coil valve to maintain cooling setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.
As this system serves spaces which are believed to see variations in occupant density, we
recommend the addition of CO2 sensors mounted at the return duct mains to modulate the
quantity of outside air based upon occupant density.
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AC-3
This system serves the third floor level of the Library Wing, second floor Admin areas in the
Library stacks area, the third floor Lobby area, and North and South Admin areas at the third
floor Archives Wing. Currently, it is a constant volume system with single zone temperature
control and no humidification. Although these spaces require only Class C control based upon our
analysis, the single zone controllability is not suitable to maintain adequate temperature control
for occupant comfort. Also, we do not feel that these spaces require mechanical humidification.
As a final note, this unit is one of only two (AC-5 is the other) that serves functional spaces at
two separate wings of the facility. We assume that this is acceptable provided individual zone
control is maintained at each functional space.
We recommend the following upgrades:
•

•

•
•
•
•
•

Add Variable Air Volume (VAV) boxes with hot water reheat coils at each individual
functional space. In an effort to minimize the impact to occupied spaces and based upon a
review of the existing plans (field verification will be necessary) we are recommending the
installation of 8 VAV terminals.
Electronic control valves for each reheat coil will be interlocked with new electronic valves
serving the fintube radiation (where applicable), to stage the coil and fintube to maintain
space temperature in heating mode for each space. In cooling mode, the dampers will
modulate from max to min flow in conjunction with reheat coil valve to maintain cooling
setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.
As this system serves spaces which are believed to see variations in occupant density, we
recommend the addition of CO2 sensors mounted at the return duct mains to modulate the
quantity of outside air based upon occupant density.

AC-4
This system serves the Administrative areas at the east and west Archives Wing at the third floor
level (formerly Photoduplication Lab, Conservation Lab, and Search Room). Currently, it is a
constant volume system with single zone temperature control and central humidification
controlled based upon return air humidity. Although these spaces require only Class C control
based upon our analysis, the single zone controllability is not suitable to maintain adequate
temperature control for occupant comfort.
We recommend the following upgrades:
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•

•
•

•
•
•
•

Add Variable Air Volume (VAV) boxes with hot water reheat coils at each individual
functional space. In an effort to minimize the impact to occupied spaces and based upon a
review of the existing plans (field verification will be necessary) we are recommending the
installation of 4 VAV terminals.
Delete the electric reheat coil serving the former Conservation Lab area.
Electronic control valves for each reheat coil will be interlocked with new electronic valves
serving the fintube radiation (where applicable), to stage the coil and fintube to maintain
space temperature in heating mode for each space. In cooling mode, the dampers will
modulate from max to min flow in conjunction with reheat coil valve to maintain cooling
setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.

AC-5
This system serves the first and second floor levels of the Archives Wing, and the Maine Room at
the second floor Library stacks area. Currently, it is a constant volume system with single zone
temperature control and central humidification controlled based upon return air humidity. The
system does not provide adequate control to meet ASHRAE Class A standards. As noted above,
this unit is one of only two (AC-3 is the other) that serves functional spaces at two separate wings
of the facility. We assume that this is acceptable provided individual zone control is maintained at
each functional space.
We recommend the following upgrades:
•

•
•
•
•
•
18

Replace the unit mounted humidifier with a new unit. The humidifier will be a steam
injection unit, either fed steam from the central plant, or if chemical treatment for the steam
system is not conducive to the stored material, provide a self-contained electric steam
generator. The humidifiers will modulate to maintain space humidity at setpoint as measured
at the return ducts serving each space (average).
Add a duct mounted hot water reheat coil and motorized damper with airflow station at each
duct branch (north and south) at each floor (5 total) to maintain space heating and cooling
setpoints for each zone.
Electronic control valves for each reheat coil will modulate to maintain space temperature in
heating mode for each space. In cooling mode, the dampers will modulate from max to min
flow in conjunction with reheat coil valve to maintain cooling setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
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•

Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.

AC-6
This system serves the fourth floor Collections area and adjacent ancillary spaces. Currently, it is
a constant volume system with single zone temperature control and central humidification
controlled based upon return air humidity. Although the system at one time contained steam
reheat coils at eight locations, the associated temperature sensors are no longer apparent, having
been removed with ongoing renovations. Similarly, the system originally contained several steam
humidifiers at individual zones. These also are reported to have previously been decommissioned.
The system does not provide adequate control to meet ASHRAE Class A standards. Although not
every space currently served by this unit is believed to require control to Class A standards, in
order to minimize impact to the ductwork and the ceiling plenum, we recommend that the system
retain its central humidification characteristics, in lieu of adding separate humidifiers at each
required space. As such, we recommend that a new central humidifier be added at the air handler
controlled to maintain humidity levels at the Collections areas.
We recommend the following upgrades:
•

•
•
•
•
•
•
•

Replace the unit mounted, central mounted humidifier with a new unit. The humidifier will
be a steam injection unit, either fed steam from the central plant, or if chemical treatment for
the steam system is not conducive to the stored material, provide a self-contained electric
steam generator. The humidifiers will modulate to maintain space humidity at setpoint as
measured at the return duct serving the Collections area.
Add VAV terminals with reheat coils to serve each functional space. We are estimating that 8
individual VAV terminals will be required.
Electronic control valves for each reheat coil will modulate to maintain space temperature in
heating mode for each space. In cooling mode, the dampers will modulate from max to min
flow in conjunction with reheat coil valve to maintain cooling setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.
As this system serves spaces which are believed to see variations in occupant density, we
recommend the addition of CO2 sensors mounted at the return duct mains to modulate the
quantity of outside air based upon occupant density.

AC-7
This system serves the fifth floor level which incorporates a Research Room, Special Collections,
and perimeter Administrative offices. Currently, it is a constant volume system with single zone
19
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temperature control and central humidification controlled based upon return air humidity. We feel
that the Research Room and Special Collections areas are the only areas requiring Class A control
for this system.
We recommend the following upgrades:
•
•
•

•

•
•
•
•

Add duct mounted humidifiers at the Special Collections and Research Room areas. The
current wall mounted humidifier will be removed.
Redistribute ductwork within the Special Collections room such that uniform air distribution
is restored to this space.
Add Variable Air Volume (VAV) boxes with hot water reheat coils at each individual
functional space. In an effort to minimize the impact to occupied spaces and based upon a
review of the existing plans (field verification will be necessary) we are recommending the
installation of 6 VAV terminals.
Electronic control valves for each reheat coil will be interlocked with new electronic valves
serving the fintube radiation (where applicable), to stage the coil and fintube to maintain
space temperature in heating mode for each space. In cooling mode, the dampers will
modulate from max to min flow in conjunction with reheat coil valve to maintain cooling
setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.

AC-8
This system serves the third floor level of the Museum/Exhibits Wing. Currently, it is a constant
volume system with single zone temperature control and central humidification controlled based
upon return air humidity. Given that this system serves a single floor and functional space which
is, for the most part, open space, the basic design of this system provides the components
necessary for Class A space conditioning. However, the current controls limit those capabilities.
We recommend the following upgrades:
•

•
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Replace the unit mounted, central mounted humidifier with a new unit. The humidifier will
be a steam injection unit, either fed steam from the central plant, or if chemical treatment for
the steam system is not conducive to the stored material, provide a self-contained electric
steam generator. The humidifiers will modulate to maintain space humidity at setpoint as
measured at the return ducts serving each space (average).
Add a duct mounted hot water reheat coils and motorized dampers with airflow stations at
each functional space to maintain space heating and cooling setpoints for the space. Although
we were not able to access above the ceiling in this area, we estimate that the addition of 3-5
coils and dampers will provide satisfactory control.
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•
•
•
•
•
•

Electronic control valves for each reheat coil will modulate to maintain space temperature in
heating mode for each space. In cooling mode, the dampers will modulate from max to min
flow in conjunction with reheat coil valve to maintain cooling setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.
As this system serves spaces which are believed to see variations in occupant density, we
recommend the addition of CO2 sensors mounted at the return duct mains to modulate the
quantity of outside air based upon occupant density.

AC-9
This system serves the first and second floor levels of the Museum/Exhibits Wing. Currently, it is
a constant volume system with single zone temperature control and no humidification. The
system does not provide adequate control to meet ASHRAE Class A standards.
We recommend the following upgrades:
•

•

•
•
•
•
•
•
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Replace the unit mounted, central mounted humidifier with a new unit. The humidifier will
be a steam injection unit, either fed steam from the central plant, or if chemical treatment for
the steam system is not conducive to the stored material, provide a self-contained electric
steam generator. The humidifiers will modulate to maintain space humidity at setpoint as
measured at the return ducts serving each space (average)
Add a duct mounted hot water reheat coil and motorized damper with airflow station at each
duct branch serving individual functional spaces. Although we have not gained access to
ceiling spaces throughout, we are estimating the need for 3-5 coils and dampers. Existing
electric reheat coils will be deleted.
Electronic control valves for each reheat coil will modulate to maintain space temperature in
heating mode for each space. In cooling mode, the dampers will modulate from max to min
flow in conjunction with reheat coil valve to maintain cooling setpoint at each space.
A pressure sensor mounted in the supply duct will modulate the speed of the supply fan based
upon duct static pressure.
The air handling unit chilled water and steam valves will modulate a required to maintain
discharge air temperature for the system (55 degree summer and 65 degree winter).
The return fan will modulate to track the speed of the supply fan.
Enthalpy based economizer cooling will be incorporated to modulate OA/EA/RA dampers
from minimum OA to maximum OA to provide free space cooling as ambient conditions
permit.
As this system serves spaces which are believed to see variations in occupant density, we
recommend the addition of CO2 sensors mounted at the return duct mains to modulate the
quantity of outside air based upon occupant density.
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g. Temperature Controls:
As noted throughout the recommendations section of this report, the existing pneumatic valves,
damper actuators, and sensors throughout the building should be replaced with electronic devices.
Replace the application specific controllers throughout each functional space with modern units
utilizing open, native Bacnet controllers.
Furnish and install a new front end which integrates all HVAC components in the facility. The
system shall communicate with the existing Honeywell EBS campus DDC.
VI.

Envelope Considerations
A. General
AEI contracted with Building Performance Advisors LLC (BPA) to conduct an assessment of the
existing building envelope and make recommendations for upgrades and/or repairs as necessary to
support the recommended HVAC upgrades as well as properly support the environmental
conditioning requirements of the spaces within.
Please refer to Appendix A for an overall assessment report and Appendix B for a report of
recommendations for envelope upgrades to support the HVAC upgrades recommended herein.

VII.

Limited Roof Structure Considerations

1. Roof Structure Beneath Temporary HVAC Unit Placement
AEI reviewed available drawings for the 1968 building, in particular the roof framing for the East
Wing. The roof framing is a steel beam and column assembly supporting a 26 gage metal form deck
and a mesh reinforced concrete slab system.
Our evaluation considered an IBC 2009 ground snow load of P g = 80 psf which after applying code
multipliers for exposure, thermal considerations for R>= 25 and an Occupancy importance of for a
Category II building, resulted in an adjusted Flat Roof design snow load of P f = 62 psf.
Ground Snow: Augusta, ME
Thermal Factor: w/ Insulation values of R>25 Thermal Factor
Importance Factor:
Category II
1Exposure Factor:
Fully Exposed Structure

P g = 80 psf.
C t = 1.1
I = 1.0
C e = 1.0

Adjusted Low Slope Roof Design Snow load:
Pf =
0.7*C e *C t *I*P g = 0.7*1.0*1.1*1.1*80 psf = 61.6 psf (Say 62 psf)

Given the vintage of the building, it is likely that the steel was designed using the 6th edition of the
Manual of Steel Construction which equates to a ASTM A36 steel material. Therefore a F y of 36 ksi
was utilized to evaluate the steel framing components of this roof structure.
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Drift conditions affecting the roof framing surrounding the placement of the proposed unit placement
are summarized below:
•
North of the temp HVAC unit:
South of the temp HVAC unit
Hi/Low roof condition of the 1987 courtyard infill
Hi/Low roof to South Wing

Flat Snow + Drift – (P f + P Drift )
139 psf
128 psf
194 psf
167 psf

Distance from Sidewall (ft)
13’
11’
22’
17’4”

AEI assumed that the HVAC unit would be installed on 2 long
rail beams set on the concrete roof structure for each long edge
of the unit. Because the proposed unit is >15 feet long, IBC 09
requires that drift be considered on either side of the long length
of this unit.
The evaluation indicated four (4) of the beams were determined
to be overstressed for Interaction (bending, shear and deflection,
combined) by more than 5%. As such, AEI recommends that
these particular beams be reinforced in place as part of the
scope of work.
Reinforcement would involve welding channels to each side of
the beams for the middle 3/3rds of the beam spans. An
alternative would be to weld an inverted WT to the bottom of
the beam, typically 80% of the beam span and centered.

VIII.

Electrical Considerations
A. Existing Conditions
The Cultural Building has a 2,000-amp, 480/277-volt, 3-phase, 4-wire electrical service. The utility
transformer serving the building was updated within the past 10 years from transformers located in a
vault on the Second Floor to a pad-mount transformer. Presumably, new service entrance conductors
from the transformer to the building’s main distribution switchboard were installed as part of that
project. The main distribution switchboard, however, appears to be 1960’s vintage and original to the
building.
The main distribution switchboard is a Square D, QMB Saflex fusible-switch type and is located in
the electric room on the Second Floor. Severe corrosion is evident along the bottom of the
switchboard enclosure due to water infiltration into the electric room from the adjacent vault. A 600amp fusible switch unit in the switchboard supplies both of the building’s two chillers. Other fusible
switch units in the switchboard supply branch-circuit panels throughout the building, as well as motor
control centers (MCC’s) located within the basement mechanical room and each of the mechanical
rooms on the 3rd and 4th floors.
As stated above, the two chillers are supplied by a common 600-amp feeder from a switch in the main
distribution switchboard. The feeder consists of two 350-kcmil conductors per phase, with one set of
conductors terminating at each of two 400-amp fusible switches. Each 400-amp fusible switch
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supplies one chiller. Most other mechanical equipment in the building is supplied by combination
starter/fusible-switch units in the motor control centers; in many cases, the starters are no longer in
use or their control circuits have been bypassed because variable speed controllers have been added.
B. Conditions Assessment
A full assessment of the building’s power distribution system is beyond the scope of this assessment.
However, based on what can be seen from a simple visual inspection, most of the power distribution
equipment and feeder conductors throughout the building have exceeded their anticipated dependable
service lives according to published standards for each type of equipment.
A complete replacement of the main distribution switchboard, as well as correcting the water
infiltration issue within the main electric room should be planned before, or in conjunction with,
recommended mechanical system upgrades. Considering the corrosion at the base of the switchboard
enclosure, we think it likely that ferrous metal hinges, springs, etc. within the fusible switch units may
also be significantly oxidized, which could inhibit proper operation of the units. The switchboard’s
condition renders it inappropriate for reuse to serve new equipment. Further, the current arrangement
with a single feeder supply the two chillers allows a single point of failure to disable both chillers,
thus negating the benefit of redundant chillers. In addition to its age and condition, the existing
switchboard offers no opportunity to provide a separate feeder for each chiller.
The MCC’s that supply most mechanical equipment appear to be original to the building. As stated
above, the equipment and the wiring that supplies it have exceeded their anticipated dependable
service lives. We do not recommend connecting the recommended mechanical equipment to
electrical infrastructure that can reasonably be expected to fail within the next few years.
C. Recommendations
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-

Replace the existing main distribution switchboard with a modern circuit-breaker style
switchboard that includes integral surge suppression and an electronic energy/demand meter. We
anticipate that this work will involve shutting down the facility for one to two weeks. If new
conductors were not installed from the padmount transformer all the way to the switchboard when
the service entrance was updated, any existing wiring that was re-used in that update should be
replaced as part of the switchboard replacement. Further structural/architectural evaluation is
needed to understand the cause of water infiltration into the electrical room and make
recommendations for correcting the condition, but the existing electrical room should be
waterproofed before new equipment is installed.

-

Replace the existing motor control centers with circuit-breaker distribution panelboards in the
basement mechanical room, both third floor mechanical rooms, and the 4th floor mechanical
room. Connect the panels to the new main distribution switchboard recommended above using
new feeders. Any mechanical equipment that is being updated will be re-wired to this new
infrastructure. The distribution panelboards should be designed to allow for future replacement
of existing branch-circuit panelboards and distribution transformers that have also exceeded their
anticipated dependable lives.

-

Provide new wiring disconnect switches, and starters to all new mechanical items that are
installed to replace old equipment.
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-

IX.

Provide wiring and connections to the temporary air handler that will be utilized during the
project.

Asbestos Renovation Impact
A. General
AEI contracted with Bates Environmental Health & Safety (BEHS) to conduct an assessment of the
existing asbestos-containing materials (ACMs) and to determine the impact the proposed renovation
activities will have to the known ACMs in the building.
Please refer to Appendix C for the survey report.

X.

Cost Summary and Project Budget
A. General
Refer to Appendix F for a summary of costs associated with upgrades recommended herein.
Closing

XI.

It is with pleasure that this report is submitted for your use and consideration. We look forward to
working with the State of Maine in the execution of their future improvements.
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APPENDIX A
Building Envelope Assessment

Building Envelope Observation Report
Building
Performance
Advisors LLC

PROJECT: Maine State Cultural Building

104 Prospect Street  Portland ME 04103
207-536-4500
www.buildingperformanceadvisors.com

I.

CITY, STATE:
OBSERVER:
OTHER
ATTENDEES:
DATE:

Augusta, ME
George W. Houk
Anthony Davis / Allied Engineering
Glenn Carter / BGS
22 July 2016

PURPOSE AND SCOPE
Building Performance Advisors (BPA) performed an assessment of the building enclosure systems at
the above-referenced facility, for the purpose of verifying the current conditions of materials and
identifying envelope system deficiencies that may affect the ability to operate HVAC systems
effectively. The intent of the assessment was to verify the current conditions of major building
enclosure systems, identify deficiencies in the integrity and performance of the thermal barrier, air
barrier and water management systems, and determine the remedial actions necessary to address
any deficiencies found during the assessment.
The scope of the assessment included a review of available drawings of the building, a non-invasive
inspection of existing conditions visible without removal of building materials, and discussion with
facility operations personnel and consulting mechanical engineers.
This report represents the professional opinions of the evaluating professionals; these do not
represent scientific certainties. The conclusions presented herein are held with confidence and, where
possible, opinions are supported by positive knowledge and proof. Additionally, the conclusions and
recommendations presented in this report are based on the facts and circumstances as they existed
on the date of the inspection. Changes in any of those facts and/or circumstances may affect the
findings, conclusions and recommendations.

II.

DOCUMENTS REVIEWED
BGS ID

Dwg. No.

Title

Date

22_a01
22_a02
22_a03
22_a04
22_a05
22_a06
22_a07
22_a08
22_a09
22_a10
22_a11
22_a12
22_a13
22_a14
22_a15
22_a16
22_a17

A-1
A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9
A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17

Lobby Addition / General Information
Lobby Addition / Demolition Plans
Lobby Addition / Floor Plans w/ Alternates
Lobby Addition / Main Floor Plan
Lobby Addition / Reflected Ceiling Plan
Lobby Addition / Roof Plan, Detail
Lobby Addition / Interior Elevations
Lobby Addition / Exterior Elevations
Lobby Addition / Section A-A
Lobby Addition / Bldg. Section B-B
Lobby Addition / Door & Window Schedules & Details
Lobby Addition / Details – Alternates 1 & 2
Lobby Addition / Room Finish Schedule
Lobby Addition / Details
Lobby Addition / (no title)
Lobby Addition / Alternate #4 - Elevations
Lobby Addition / (no title)

11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
11/13/87
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III.

BGS ID

Dwg. No.

Title

Date

22_08a
22_09
22_10a
22_11a
22_12a
22_13a
22_14
22_15a
22_16a
22_17a

8
9
10
11
12
13
14
15
16
17

North, West and East Elevations
South Elevation and Building Sections
Building Sections
Wall Sections and Details
Wall Sections and Details
Wall Sections and Details
Wall Sections and Details
Window Details
Window Wall Details
Door Schedule and Hollow Metal Details

4/02/1969
3/12/1969
4/02/1969
4/02/1969
4/02/1969
4/02/1969
4/02/1969
4/02/1969
4/02/1969
4/02/1969

BUILDING ENCLOSURE SYSTEM TYPES
SYSTEM/TYPE

LOCATION

Adhered EPDM Roofing ............................................................. Offices
Museum
Atrium
Ballasted EPDM Roofing ............................................................ Archives
Library
Exterior walls: cement plaster over reinforced concrete ............ Offices
Museum, lower level
Archives
Library
Exterior walls: Granite cladding over reinforced concrete ......... Archives
Library
Exterior walls: Limestone cladding over reinforced concrete .... Museum (pilasters)
Exterior walls: Limestone cladding over CMU ........................... Museum (upper walls)
Exterior walls: Granite cladding over steel framing.................... Atrium
Soffits: Cement plaster on light-gauge metal framing ................ Museum
Atrium
Fenestration: Steel-framed windows .......................................... Offices
Museum
Archives
Library
Fenestration: Steel-framed glazed curtainwall ........................... Museum
Fenestration: Aluminum-framed glazed curtainwall ................... Atrium
Fenestration: Aluminum storefront ............................................. Atrium
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1

Further
Analysis

Maintenance

Alteration

Recommended
Remedial Action

Repair/
replacement

Condensation
Control

Water Leakage
Performance

Air Leakage
Performance

Item

Thermal
Performance

SUMMARY OF FINDINGS

IV.

Adhered EPDM Roofing
1.1

Lap sealant deteriorated or missing

1.2

Membrane adhesion loss

X

1.3

Membrane shrinkage / deterioration

X

1.4

Membrane damage

1.5

Dirt and/or debris on roofing

2

X

X

X

X
X

Ballasted EPDM Roofing
2.1

Displaced ballast

2.2

Membrane shrinkage/deterioration

3

X
X

Exterior walls: Concrete
3.1

Deteriorated plaster coating

3.2

Deteriorated joint sealers

4

X

X

X

X

X

X

Exterior Walls: Granite Cladding
4.1

Vertically displaced granite cladding

4.2

Horizontally displaced granite cladding

4.3

Failed sealant at panel joints

4.4

Cracked / spalled granite

5

X
X
X

X

X
X

Exterior Walls: Limestone Cladding
5.1

Repaired / reinforced limestone cladding

5.2

Deteriorated mortar joints in limestone cladding

6

X
X

X

Exterior Walls: Panel Cladding
6.1

Cracked exterior wall panels

6.2

Failed sealant at panel joints

X

X

6.3

Omitted weather barrier behind panels

X

X

7

X
X

X
X

Exterior Cement Plaster Soffits
7.1

Cracked cement plaster

X

X

7.2

Unsealed joints at soffit

X

X

7.3

Recessed lighting displaced

X

7.4

Omitted vapor barrier

8

X
X

X

X

Steel-Framed Windows & Curtainwall
8.1

Corroded steel frames

8.2

Failed glazing sealant

8.3

Failed perimeter sealant

8.4

Heat loss at steel framing

9

X
X

X

X

X

X

X

X

X
X

X
X

Aluminum-Framed Curtainwall & Storefront
9.1

Gaps in weather-resistive barrier
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V.

OBSERVATIONS AND DISCUSSION
1

Adhered EPDM Roofing
1.1 Lap sealant deteriorated or missing
Elastomeric sealant, applied to the seams between the roof membrane and edge
flashing, has weathered away in most areas of the exposed membrane roofs. Refer
to photo #3. The sealant was applied to protect seam edges in the original roof
installation. Its current condition indicates the roof age to be over 20 years.
Lap sealant should be re-applied over a thoroughly cleaned substrate, particularly in
areas such as drain sumps and curbs, where water may periodically accumulate.

1.2 Membrane adhesion loss
The EPDM roof membrane was turned upward onto the parapet walls and rising
walls on the main roof level of the museum wing. The membrane has shrunk over
time, pulling away from the substrate and “bridging” across the roof-to-wall junction.
Refer to photo #6. Without rigid support behind it, the membrane is vulnerable to
damage, and the seams and edge fastening are stressed, making roof failures
increasingly likely.
The roof may provide as many as 10 to 15 years of additional service, if the
membrane is cut and secured to the roof deck around the perimeter, and new
baseflashing is installed throughout.

1.3 Membrane shrinkage / deterioration
As noted above, the roof membrane has shrunk since it was initially installed. EPDM
membranes typically experience a 1% to 2% rate of shrinkage as they age, due to a
combination of factors inherent in the manufacturing process. Membrane shrinkage
may also occur due to the installer’s failure to allow the new membrane to “relax”
after it is unrolled onto the deck before securing and/or adhering it into place.
It is recommended that new EPDM baseflashing is “stripped-in” around the entire
main roof perimeter, as discussed in item 1.2 above.

1.4 Membrane damage
In one area of the upper roof, a plate fastener below the membrane appears to have
pulled out of the deck below, protruding into the membrane from the underside and
presenting the imminent threat of a puncture. Refer to photo #4. The membrane
should be cut open and the fastener examined and replaced before the roof is
patched.
Similar areas of incipient damage in the roofing system can be expeditiously
identified and repaired before leakage damages the structure and interior finishes, if
a periodic roof inspection and maintenance protocol is implemented.

1.5 Dirt and/or debris on roofing
Small amounts of dirt have accumulated in corners of the main roof and around roof
drain grates, where the drainage is impeded. Refer to photos #6 and #7. A bi-annual
roof maintenance and inspection program is recommended to help assure troubleAugust 5, 2016
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free performance and maximize the service life of the roofing systems throughout the
building.

2

Ballasted EPDM Roofing
2.1 Displaced ballast
The smooth rock ballast that holds the loose-laid EPDM in place on the roofs of the
library and archives wings is not evenly distributed over the surface. At edges and
corners closer to prevailing wind directions, the ballast has been “scrubbed” away
from the edges of the roof by high winds. Refer to photos #10 and #11. Without
ballast, the membrane is subject to wind-induced uplift forces that can rupture the
membrane, creating a catastrophic failure.
The displaced ballast should be redistributed evenly over the entire roof surface. If
repeated wind-induced displacement is observed, precast concrete pavers should be
installed as ballast around the roof perimeter.

2.2 Membrane shrinkage/deterioration
The amount of shrinkage in the ballasted EPDM roofing membrane is greater than
on the main roof of the museum wing, and has caused the membrane to bridge at
the roof-to-wall junctions in most areas. Refer to photos #11 and #12. The
unsupported membrane is in danger of rupturing at areas where it is secured to the
parapet by termination bars. Stressed seams also are vulnerable to failure.
New baseflashing should be installed around the roof perimeter and at rising walls
within the next 12 months, in order to avoid roofing system failures. Proper detailing
and installation of the new flashing will extend the service life of the roof by as much
as 10 to 15 years.

3

Exterior walls: Concrete
3.1 Deteriorated plaster coating
All of the exposed concrete wall surfaces appear to have been finished with a
pigmented cement plaster. The finish coat, approximately 1/8-inch thick, is cracked
and spalled in a few areas. Refer to photo #16. Most of the deterioration is at the
bases of the walls, which are subject to chronic saturation and freeze-thaw
temperature cycles, and on sill surfaces at window openings.
The damaged areas of exterior plaster finish should be cleaned and restored to
prevent the accelerated deterioration of the exterior wall finish. Chemical analysis of
the existing plaster is recommended, to verify the mix proportions and identify
aggregate types. The testing is required to match the repair material to the original
finish.

3.2 Deteriorated joint sealers
The sealant joints between precast wall panels on the archives and library wings
show signs of incipient deterioration. Sealant adhesion failure was observed in
numerous locations. Refer to photo #16. The precast walls are dependent on the
integrity of exterior sealant joints for resistance to air and water leakage, which will
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reduce the operating efficiency of HVAC systems and cause damage to interior
finishes.
It is recommended that exterior joints in the precast wall system are re-sealed by
removing the original sealant and joint backing, thoroughly cleaning the sides of the
joint, and applying and tooling new sealant over a joint backer rod.

4

Exterior Walls: Granite Cladding
4.1 Vertically displaced granite cladding
The 3-cm granite slabs installed at the exterior of the atrium include fascia panels
around the low-slope roof. Several panels on the east side of the roof appear to have
shifted downward. Refer to photo #17. The method used to secure the panels to the
structure was not verified; no panel attachment details were included in the
architect’s drawings for the atrium addition.
The design, installation and condition of granite panel anchors should be verified by
conducting an invasive investigation of the existing conditions. This investigation is
recommended for completion within the next 12 months.

4.2 Horizontally displaced granite cladding
The granite slabs at the base of the atrium columns have shifted outward in a few
areas, causing the joints between panels to open. Staining at the bottom of one
panel suggests that concealed structural steel behind the stone may be corroding.
Refer to photos #26, #40 and #41. Deterioration of the structure will accelerate as
joint open and allow greater quantities of water to seep into the construction.
The granite cladding on the library and archives wings is a facing on the exterior side
of concrete wall panels, according to the drawings. At the northeast and southeast
corners, the granite slabs have separated from the concrete substrate.
The design, installation and condition of granite panel anchors and steel
superstructure should be verified by conducting an invasive investigation of the
existing conditions. This investigation can be done concurrently with the investigation
recommended in item 4.1 above.

4.3 Failed sealant at panel joints
Sealant failure was observed at granite panel joints in many areas. Refer to photos
#18 and #19. The “alligatored” surface of the sealant indicates cohesive failure;
vertical splits also were noted in sealant joints. The sealant also has separated from
the sides of joints in several areas.
The expected service life for sealant used in the late 1980’s is approximately 12 to
15 years. The existing sealant has surpassed its normal service life and should be
replaced.

August 5, 2016

Page 6 of 38

BUILDING ENVELOPE OBSERVATION REPORT
Maine State Cultural Building

5

Exterior Walls: Limestone Cladding
5.1 Repaired / reinforced limestone cladding
The 3-inch limestone slabs on the exterior walls of the museum wing are supported
by steel shelf angles that engage the slabs in grooves cut into the back of each slab,
according to the original drawings. The exterior walls at the top floor of the museum
overhang the lower portion of the building, and evidence of prior repairs was
observed along the edge of the soffit below the fourth floor level. Refer to photo #34.
Steel plates appear to have been installed to provide supplemental support of the
stone, and several stone slabs near the southeast corner appear to have been
restored with a cementitious patch material.
It is recommended that the documentation of the repair project, along with any
analysis and testing that preceded the repairs, is recovered and reviewed to
determine whether similar repairs will be required in other areas, to prevent a failure
of the cladding system.

5.2 Deteriorated mortar joints in limestone cladding
Hairline cracks have formed in some of the mortar joints of the limestone cladding on
the north wall of the museum wing. Refer to photo #23. Staining also was observed
at the joints between slabs on the west side of the building, and a spall was noted in
one slab above the west entrance.
The original drawings call for joints between slabs to be caulked. Joints observed at
close range appear to be filled with mortar.
Joint repairs in the limestone cladding should be performed as needed throughout
the building. These repairs can be performed in stages over a period of several
years.

6

Exterior Walls: Panel Cladding
6.1 Cracked exterior wall panels
The exterior wall on the south side of the atrium above the low roof was cladded with
pre-finished panels that appear to be a cement-fiber material. Most of the panels,
which are approximately 4 feet wide and 8 feet tall, have split vertically at the midpoint; a few panels have cracked horizontally across the middle. Refer to photo #20.
The panels should be removed and replaced with a new exterior siding panel
system.

6.2 Failed sealant at panel joints
The joints between the atrium wall cladding panels have failed, allowing water and
air to pass through the building envelope. Refer to photo #21.
Exterior wall joints in this area should be reliably sealed at the time the siding is
replaced.
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6.3 Omitted weather barrier behind panels
Damaged panels and deteriorated sealant at the south wall of the atrium exposes the
underlying wall sheathing to view. Refer to photos #21 and #22. No weather-resistive
barrier such as 15-pound felt or Tyvek was applied to the backup wall surface before
the panel cladding was installed. The current condition deviates from accepted
design standards, and allows uncontrolled air leakage through the exterior wall.
In conjunction with the replacement of the exterior wall cladding, a weather-resistive
barrier should be applied over the face of the backup wall sheathing. The new
weather barrier membrane should be sealed to the glazing and roofing systems that
about this wall area.

7

Exterior Cement Plaster Soffits
7.1 Cracked cement plaster
Plaster soffits are present around all sides of the overhanging roof of the offices on
the top floor of the building, and around the east, south and west sides of the
museum wing below the fourth floor. Similar soffits at the top of the atrium appear to
have been built with exterior gypsum board sheathing on steel framing, and coated
with a veneer plaster or textured paint coating. Cracking was noted in the plaster at
the southwest corner of the museum wing, and in multiple locations at the office
area. Refer to photos #25 and #33.
Cracked plaster should be repaired concurrently with other work recommended at
the soffits. Refer to items 7.2 – 7.4 below.

7.2 Unsealed joints at soffit
The plaster was probably applied over steel wire lath, with zinc corner beads
installed at edges and control joints at regular intervals. The perimeter joints are not
sealed. Refer to photo #15. Air and moisture can flow freely between the exterior and
the plenum space above the plaster.
It is recommended that the plaster soffits are patched, coated and sealed.

7.3 Recessed lighting displaced
Recessed downlights are installed in the soffits of the museum wing and above the
main building entrance. The parabolic reflectors of several fixtures in the museum
wing soffit are dislodged, allowing uncontrolled air entry between the exterior and the
plenum space above the soffit. Refer to photos #31 and #33.
The fixtures should be sealed at the openings in the soffit, to air seal the exterior
envelope. At the time this work is done, the lighting may be retrofitted with LED
lamps to greatly reduce operating expenses as well as reducing the frequency of
lamp replacement.

7.4 Omitted vapor barrier
The exterior walls of the office area are severely stained below the soffit by what
appears to be iron oxide. It is very likely that water vapor moving through the exterior
walls into the plenum space above the soffit condenses on the surfaces of the steel
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roof framing and concrete-filled steel roof decking, drips off the steel and seeps
through the unsealed joint between the wall and soffit. Refer to photo #14.
The soffits present the most significant areas of thermal loss as well as air leakage
through the building envelope. Because the spaces in the building must be kept at a
relative humidity of 40% to 60% (at indoor air temperature), large amounts of vapor
are driven through the envelope during cold weather. This will exacerbate the
deterioration of the steel superstructure, interfere with the ability to maintain indoor
environmental conditions, and increase energy consumption and resulting costs.
It is recommended that the plenum spaces above the soffits are air-sealed by means
of spray-applied closed-cell polyurethane foam (SPF). Industry standards classify a
minimum thickness of 1 inch of SPF as a vapor retarder. The foam also will effect a
monolithic air seal when applied over the top surface of the plaster and inside
surface of the fascia or exterior wall below the roof or floor decks. Spray-applied
polyurethane foam insulation will provide a thermal barrier with an initial rating of
approximately R=6 per inch.

8

Steel-Framed Windows & Curtainwall
8.1 Corroded steel frames
The windows installed in the original building were built with cold-rolled steel frames.
The curtainwall at the rear of the museum wing has tubular steel mullions and steel
secondary frame members. The west entrance to the museum is built with steel
window and door frames between steel plate mullions. Rust has formed on steel
window and curtainwall surfaces throughout the building. Refer to photos #44, #45,
#46 and #49.
The steel should be cleaned to bare metal, coated with a zinc-rich rust inhibitor and
two coats of enamel. Based on the age of the building, it is likely that the original
paint contains lead. Chemical analysis of the paint should be performed before the
repainting project is executed.

8.2 Failed glazing sealant
The sealant between glass and steel frame members shows signs of cohesive
failure; gaps were observed in numerous locations, and crazing was noted on the
glazing compound. In some areas, pre-formed glazing seals are out of alignment and
open gaps are present. Refer to photos #45 and #46.
Consideration should be given to “wet-glazing” the existing glass into the frames.
This work, done concurrently with the repainting of the windows and curtainwalls,
would effectively encapsulate the existing glazing compound behind a highperformance silicone sealant.

8.3 Failed perimeter sealant
The window perimeter sealants appear to be original, and have failed in many areas.
Refer to photos #46 and #47. The open joints allow uncontrolled air movement
through the building envelope, reducing the operational efficiency of HVAC systems
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and making it difficult to maintain interior environmental conditions within the required
range to protect the items within the facility and maintain comfort control.
If the existing steel window and curtainwall framing is to remain in place, it is
recommended that all perimeter sealant joints are cleaned and re-sealed with
silicone sealant.

8.4 Heat loss at steel framing
As described in item 8.1 above, all of the original glazing systems are built with steel
frame members. The fixed glazing in the curtainwall and west entrance is doublepane glass; the windows in the library and archives wings also are double-glazed.
The steel frames are efficient thermal conductors, and during cold weather will cause
water vapor in the interior air to condense on frame surfaces. During extremely cold
weather, the condensation will freeze on the inside face frames. These conditions
are exacerbated by the requirements for high relative humidity in the indoor air that is
required to properly store archived materials on paper and books.
It is recommended that BGS plan a capital project to replace the original glazing
systems throughout the facility. Current building design standards utilize thermally
efficient frame material that effectively reduces conductive heat loss through the
framing system. Double-pane and triple-pane insulated glass in current use also
provides a more effective thermal barrier than the existing product in place.

9

Aluminum-Framed Curtainwall & Storefront
9.1 Gaps in weather-resistive barrier
The aluminum-framed curtainwall and entrances at the atrium were installed
between granite-clad columns. Granite slabs surround each column with no break at
the plane of the glazing systems: the curtainwall framing is attached directly to the
stone. The detailing used to construct the atrium relies on the stability of the stone
anchorage; as noted in item 4.2 above, some slabs have shifted. In addition, the
weather-resistive barrier is interrupted at each column, allowing air and moisture to
pass through the building envelope between sections of curtainwall. The construction
details do not conform with generally accepted industry standards.
Alternative approaches to improve the continuity of the weather-resistive barrier at
the exterior wall plan of the atrium entrance require exterior cladding to be removed
and re-installed, a scope of work that is not cost-effective when compared with the
performance improvement it would provide. However, it may be possible to improve
performance by revising the column interiors concurrently with any remedial work
that is needed to address issues related to item 4.2.
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VI.

PHOTOGRAPHS
Photograph 1.
View of EPDM roof over office
space at top level of center
section. Membrane appeared to
be fully adhered to underlayment
below. The roof membrane is
adhered to the original copper
flashing at the perimeter.

Photograph 2.
Polycarbonate skylights
mounted on a curb at the center
of the upper roof. Sealant (seen
in foreground) was applied in an
apparent effort to arrest leakage.
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Photograph 3.
Close-up view of the typical
upper roof edge. EPDM
membrane is adhered to copper
flashing at roof edge. Copper
flashing is installed in a reglet
cut into the top of the limestone
cladding on the fascia.
The lap sealant applied to the
edge of the roof membrane has
completely deteriorated. The
sealant at the outer edge of the
flashing is original, and should
be scheduled for replacement in
the next 12 months.
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Photograph 4.
Close-up view of a plate anchor
that has pulled out of the roof
deck below the insulation and
cover board. The head of the
anchor is stressing the
membrane; a puncture appears
imminent.
The roof membrane should be
cut away to expose and replace
the failed fastener.

Photograph 5.
View of adhered EPDM roofing
system at the main roof level on
the south side of the central
museum section.
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Photograph 6.
View of the roofing at the
southwest corner of the main
roof area.
The EPDM has shrunk over
time, pulling away from the
bottom of the parapet wall and
“bridging” over the roof/wall
junction. The unsupported
membrane is vulnerable to
damage, and the attachment of
the EPDM to the parapet wall
will ultimately fail.
Repair of flashing or
replacement of roofing is
recommended within the next 12
months.
Photograph 7.
Roof drain on the main roof is
partially blocked by accumulated
dirt and debris.
A roof maintenance program,
consisting of bi-annual
inspection and maintenance
including cleaning, is
recommended.
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Photograph 8.
View of exposed adhered EPDM
and sloped roof glazing system
over atrium at main building
entrance.

Photograph 9.
View of loose-laid ballasted
EPDM roof over west wing of the
building.
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Photograph 10.
View of ballasted EPDM roof at
southwest corner. The ballast
has been displaced at the
corner, exposing the membrane
to wind-induced uplift.
Deterioration of the coating on
the masonry parapet wall is
visible. Water entering the
masonry and freezing will cause
the wall to deteriorate with
increasing speed. The inside
faces of the parapet walls should
be protected with a new coting
or membrane flashing.

Photograph 11.
Loose-laid membrane along the
north edge of the roof to the
west of the atrium has shrunk,
pulling away from the parapet
wall and “bridging” over the
roof/wall junction. Ballast
displacement is most likely due
to wind uplift.
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Photograph 12.
Close-up view of bridging
membrane at roof edge, where
the EPDM is secured to the
parapet with a termination bar.
The membrane is visibly
stressed at the bottom of the
vertical termination bar (arrow),
and rupture is imminent. The
sealant along the top edge of the
bar is failing and should be
replaced.
Repairs are recommended for
completion within the next 12
months.

Photograph 13.
Roof curb below glazing at top of
atrium. The roof membrane
extends below the sill frame of
the glazing system, and no subsill flashing or weep system is
visible at the bottom of the sill
frame. The glazing is beneath an
overhanging soffit that protects it
from precipitation.
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Photograph 14.
East wall of office area on the
top floor of the building’s central
core. According to the drawings
available for review, the walls
are built with 10” thick precast
concrete wall panels. The soffit
overhangs the walls by 4 feet,
and the fascia is cladded with 3’
limestone panels.
The exterior walls are heavily
stained by what appears to be
iron oxide, indicating that
moisture is corroding the steel
roof structure and seeping
through the joint between the
soffit and exterior wall, leaving
iron oxide deposits on the
surface as it evaporates.
Photograph 15.
View of the soffit joint at the
window head and exterior wall.
The joints are not sealed,
allowing uncontrolled airflow
between the exterior and
concealed spaces above the
soffit and office ceilings.
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Photograph 16.
Close-up view of cracked and
spalling cement plaster finish at
exterior face of a concrete wall
panel. Deteriorated plaster was
observed at window sill surfaces
and the bases of exterior walls.
Sealant failure in the joint
between wall panels is also seen
in this photo.

Photograph 17.
Exterior walls at top of atrium.
The east and west walls are built
with a storefront glazing system
below a soffit. The soffit material
is most likely exterior gypsum
sheathing with a veneer plaster
finish. The fascia is cladded with
granite slabs approximately 1”
thick; the method of attachment
could not be verified. The granite
panels have shifted vertically out
of alignment and appear to be
unstable.
The south wall of the atrium is
cladded with a pre-finished
panel that appears to be highdensity fiberboard, adhered to
exterior gypsum sheathing.
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Photograph 18.
Close-up view of sealant at a
stone panel joint on the atrium.
The material is failing in
cohesion.

Photograph 19.
Both adhesive and cohesive
failure modes are visible in the
sealant at this joint between
stone panels, at the fascia of the
atrium roof.
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Photograph 20.
South wall of the atrium above
the level of the roof over the east
and west wings. Most of the
exterior wall panels have
cracked vertically at the midpoint. This appears to be a result
of thermally-induced
dimensional change in the
cladding.
The cladding should be removed
and replaced, to protect the
backup wall construction.

Photograph 21.
Close-up view of a failed sealant
joint between cladding panels on
the south atrium wall. Many
sealant joints have failed in
adhesion. The exterior gypsum
sheathing on the backup wall
surface is visible in the area
where the sealant has fallen
away. No weather-resistive
barrier was applied over the
sheathing.
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Photograph 22.
Close-up view of the point where
the atrium enclosure was built
over the original granite-clad
parapet on the west wing of the
building. The backup wall
sheathing abuts the granite,
indicating that stone was not
removed to effect a continuous
seal between the original
building envelope and the
atrium, which was constructed
several years after the original
occupancy of the facility.

Photograph 23.
Close-up of limestone cladding
joints on north wall of the central
section above the low roof level.
The mortar joints are cracked in
several areas.
According to the original
drawings, the 3” limestone
cladding is installed over an 8”
CMU backup wall, with
dampproofing applied to the
exterior face of the CMU.
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Photograph 24.
View of the north façade of the
building, where the enclosed
atrium was constructed after the
original building was completed
and occupied. The atrium façade
is built with a glazed curtainwall
system installed between
granite-clad columns. Drawings
for the atrium were not available
for review.
The granite-clad atrium columns
are probably built with exterior
gypsum sheathing over stud
framing behind the stone
veneer. It is likely that no
weather-resistive barrier was
applied to the sheathing.
Photograph 25.
Soffit over the main building
entry is stained, suggesting that
condensation forms on steel
surfaces above the soffit and
seeps through the plaster finish.
The space above the soffit was
not accessed for observations.
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Photograph 26.
Laterally displaced granite
cladding and an open corner
joint at the base of a column at
the main building entrance.
The dark brown staining on the
sealant joint at the bottom of the
granite indicates corrosion in the
steel framing concealed behind
the cladding. The concealed
conditions should be examined
to verify the extent of
deterioration in the structure.

Photograph 27.
North façade of the building’s
west wing, which houses the
State Archives. The exterior
walls at each end of the wing are
built with precast concrete wall
panels that are faced with 2”
granite slabs. The center of the
north wall is built with steelframed windows set between
precast concrete wall panels that
have a cementitious topping on
the exterior faces. A vertically
ribbed precast panel fascia at
the top of the center section
overlaps the tops of the wall
panels.

August 5, 2016

Page 24 of 38

BUILDING ENVELOPE OBSERVATION REPORT
Maine State Cultural Building

Photograph 28.
Open joint between fascia panel
and wall panels on the north wall
of the west wing allows
uncontrolled air movement
though the building envelope.

Photograph 29.
Close-up view of conditions at
the base of the precast wall
panels. Metal flashing was
observed along the bottom
edges of the walls.
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Photograph 30.
Damaged stone facing at
southeast corner of west wing.
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Photograph 31.
A cement plaster soffit above the
curtainwall is present on the
south, east and west sides of the
museum wing. The soffit is
approximately 4’-6” below the
fourth floor level. Wire screening
has been installed at the junction
of the soffit and wall; the
drawings show a 3” deep ledge
along the top of the precast wall
panels.
Recessed lighting is installed in
the soffit on all sides of the
museum. Several diffusers are
observably loose, creating gaps
at the soffit openings.
Photograph 32.
Close-up of fourth floor soffit on
west side of museum wing.
Steel plates are installed below
the bottom edge of the limestone
cladding on the north side of the
corner. The plates are not
shown on the original drawings,
and were probably installed as
supplemental support to address
movement in the cladding.
The open joint between the soffit
and cladding can be seen on the
west side of the corner.
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Photograph 33.
Fourth floor soffit at southwest
corner of museum wing. A large
crack can be seen in the plaster.
The recessed fixture that
originally was installed in the
soffit appear to have been
removed, leaving an open hole
in the plaster.
The exterior lighting should be
repaired and upgraded to
eliminate air leakage.
Alternatively, the lighting can be
removed and the openings
sealed.
Photograph 34.
Fourth floor soffit at southeast
corner of museum wing. A steel
plate supporting four limestone
slabs on the east wall can be
seen. Viewed from grade, the
stone slabs appear to have been
repaired with a cementitious
material along the bottom edges.
Stone repairs and remedial
reinforcement are placed in
several areas around the fourth
floor soffit. The documentation of
analysis, repair design and
execution should be reviewed to
determine whether the work will
be required in additional
locations.
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Photograph 35.
Fourth floor soffit near the
northeast corner of the museum
wing. Metal grating appears to
be installed on the soffit.

Photograph 36.
View of corner where the
limestone cladding abuts a
concrete exterior wall near the
northeast corner of the museum
wing. The vertical joint appears
to have been sealed subsequent
to the original construction. The
integrity of the joint sealer
should be confirmed via closerange examination.
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Photograph 37.
South wall of library wing.
The original drawings, reviewed
for this assessment, called for
board-formed concrete on
exterior wall surfaces of the east
and west wings. The exterior
finish that is present on the
building appears to be a cement
plaster with graded quartzite
sand aggregate. No boardformed concrete was observed
on the building.
The overhanging soffits on the
east and west wings are
vertically ribbed concrete panels.
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Photograph 38.
East end of the library wing.
The concrete exterior wall
panels are finished with cement
plaster. Exposed, board-formed
concrete was called for in the
original design.

Photograph 39.
Close-up view of the base of the
exterior wall, at the southeast
corner of the east (library) wing.
The corner pilaster is cladded
with granite slabs. Cement
plaster, visible below the granite,
is cracked and spalled, revealing
the concrete surface below.
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Photograph 40.
Granite cladding at the pilaster
on the northeast corner of the
library wing appears to have
shifted outward. The joint sealer
at the corners has failed in
cohesion; the joint appears to
have widened over time,
indicating that the granite is not
stable.
Further investigation is
recommended, to determine the
causes and extent of movement
in the cladding and verify the
required repairs.
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Photograph 41.
Failed sealant at the corner joint
between granite panels, at the
northeast corner of the library
wing. The cement plaster on the
concrete foundation wall below
the granite cladding also has
failed.

Photograph 42.
North façade of the library wing.
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Photograph 43.
Windows at junction of the
archives wing and the center
section of the building. Steel
frames appear never to have
been painted or re-sealed since
the building was initially
completed.
It is recommended that the
windows are cleaned, painted
and re-sealed within the next 12
months. Based on the age of the
original construction, the
windows are likely to contain
lead-based paint. Glazing
compounds and sealants may
also contain hazardous
materials. The presence of
hazardous materials should be
confirmed before specification
for painting and re-sealing are
prepared.
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Photograph 44.
Sill of a typical window in the
wall of the west (archives) wing.
The original paint coating is
severely weathered and the
steel frame is rusting. The
perimeter sealant has failed,
allowing air and water leakage at
the window perimeters.

Photograph 45.
View of corroded steel widow
frame and deteriorated joint
conditions at window frame
perimeter. These conditions are
typical throughout the building.
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Photograph 46.
Corroded steel window framing.
Sealants are deteriorated and
should be replaced in joints
between glazing and frame, as
well as at the perimeter joints
where the steel frames abut
exterior wall surfaces.

Photograph 47.
Close-up view of deteriorated
window perimeter joint sealant.
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Photograph 48.
Steel-framed curtainwall
assembly at south façade.
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Photograph 49.
The tubular steel curtainwall
framing on the south façade of
the museum wing conducts
temperatures efficiently through
the building enclosure, creating
areas of substantial heat loss
during cold weather.
The paint and glazing sealants
are deteriorating and should be
replaced.

Photograph 50.
Aluminum storefront at main
building entrance to atrium
space, which was added in 1987
according to documents
provided for review.
The sill of a typical section of
curtainwall is visible above the
entrance. The exterior-glazed
curtainwall is a stick-framed
screw spline system. According
to the construction drawings, the
system is attached to the granite
cladding without a continuous
weather-resistive barrier behind
the stone.

End.
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Envelope Upgrades Summary

104 Prospect Street
Portland ME 04103
(207) 536-4500

August 10, 2016
Allied Engineering, Inc.
160 Veranda Street
Portland, Maine 04103
Attn: Mr. Anthony S. Davis PE, Principal
Director of Commissioning Services
Re:

Maine State Cultural Building
Building Envelope Performance

Dear Mr. Davis:
Building Performance Advisors LLC (BPA) has completed a preliminary assessment of the building envelope
systems at the facility referenced above. The primary purpose of the assessment was to provide Allied Engineering
with a baseline performance assessment of the enclosure and develop a scope of remedial work to improve the
controllability and operating efficiency of the heating, ventilation and air conditioning systems at the facility. The
findings and recommendations from BPA’s assessment are detailed in a Building Envelope Assessment Report
dated July 22, 2016. The Report summarizes a general assessment of the following major systems and their
components:
 Air barrier
 Thermal barrier
 Water management layer
 Water vapor management and condensation control
Of these four typical systems in any building enclosure, air leakage resistance and thermal insulation affect HVAC
systems operation most significantly. Water vapor management is critical at the subject property, since the books
and other documents as well as historical items that are housed therein must be stored in an environment that
maintains a consistent level of relative humidity.
This letter presents BPA’s findings related to the operation of HVAC systems at the subject facility, and our
prioritized recommendations for remedial work to address major shortcomings in the performance of the thermal
barrier, air barrier, and vapor management layer.

Summary of Findings
Air Barrier: The subject building was constructed at a time when air leakage through the enclosure was not a
significant design consideration. Research and analysis in the past fifteen years has demonstrated that limiting air
leakage through the building envelope is a highly effective way to increase both operating efficiency and the ability
to control interior environmental conditions within close tolerances.
The exterior wall systems at the Maine State Cultural Building include both site-cast and precast concrete, as well
as stone cladding over concrete masonry backup walls. Floors and roof slabs are built with concrete-filled steel
decking, according to the drawings. These basic systems are effective air barriers. However, the performance of a
building’s air barrier is largely dependent on the integration and effective sealing of joints where dissimilar
assemblies meet. There are significant gaps in the air barrier of the museum, where the walls of the fourth floor
overhang the exterior walls below. Similar gaps exist where the exterior walls of the office space terminate below
the structure of the overhanging upper roof. The soffits are separated from the adjoining wall surfaces by gaps that
allow free air movement between interior space and the exterior.
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Aging and failed sealant joints are prevalent throughout the subject building’s exterior envelope. The open joints at
window perimeters create pathways for uncontrolled airflow through the enclosure. Given the small proportion of
glazed area on the exterior, the exterior sealant joints are a secondary source of air leakage (although they are the
only significant air leakage path in the library and archives wings).
The design of the atrium space that was added in 1987/1988 did not provide for a continuous building enclosure.
Because the curtainwall and storefront entrance systems are secured to the exterior surface of thin stone cladding,
the columns along the north façade of the building allow uncontrolled movement of air between the atrium and the
exterior, as well as convective and conductive heat loss. These conditions also prevail where the addition abuts the
exterior walls and roofs of the original building. Further, the exterior wall system at the top of the space was built
without a weather-resistive barrier behind the exterior panel cladding. To remedy any of the design conditions at
the atrium would require the addition to be partially deconstructed and rebuilt; this is considered a non-feasible
alternative.
Thermal Barrier: The original construction drawings do not call for insulation in the exterior wall systems. The only
insulation shown on the drawings includes two inches of rigid insulation on the roof decks, and approximately four
inches of mineral or glass fiber insulation above the plaster soffits at the fourth floor and upper roof levels. The
existing roofs were installed over the original roofing system approximately twenty years ago, and it appears likely
that the original roof insulation was neither removed nor augmented.
Most of the existing glazing is double-pane insulated glass, and the original windows are in highly conductive steel
frames; perimeter heat loss through the openings is substantial. However, the low percentage of the total exterior
wall surface area that is occupied by glazing (below 8% at the museum, approximately 12% at the library and
archive wings) reduces the glazing systems to a minor role in the overall thermal performance of the envelope.
Water Vapor Management and Condensation Control: As stated above, the building’s function requires that the
relative humidity of the interior air be maintained within a tight and predictable range. National standards for
archiving paper, film and artifacts call for a minimum relative humidity of 35%, within an operating range of ±5%.
The original building was designed with effective vapor control layers on most surfaces. Behind the stone cladding,
the CMU backup walls are coated with “damp proofing” according to the drawings. Damp proofing was also specified
to be applied to the exterior surfaces of cast-in-place concrete walls below grade. Based on the age of the facility,
a cold-applied asphaltic product, a highly effective vapor retarder, was most likely applied to the exterior backup
wall surfaces.
A moisture barrier was to be placed below all floor slabs placed on grade. The use of asphalt-impregnated roofing
felts was in common use as an under-slab moisture control layer when the subject facility was built. Asphalt roofing
felt is an effective vapor retarder.
The EPDM membranes on the office and museum roofs are adhered to an underlayment that was mechanically
attached to the decks below. It is most likely that the underlayment was placed over the original roofs after gravel
was removed from the original membrane. The two-inch rigid insulation specified for the original installation is
probably intact below the current roofing systems (test cuts are recommended to confirm the existing conditions
below the membranes). The original insulation was probably adhered to the deck surfaces with a coat of hot asphalt
pitch, which if present constitutes a highly effective vapor control layer.
There is no effective vapor control layer in the soffit assemblies at the perimeters of the office and museum spaces.
As with heat loss and uncontrolled air leakage, the soffits represent the most significant gaps in the vapor
management layer of the building envelope.
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Discussion
The findings summarized above identify the soffits below the fourth floor of the museum and above the ceiling of
the office space as the locations of highest heat loss and air leakage in the building envelope. Condensation forming
on the surfaces of the steel roof framing above the offices is a result of vapor drive from the interior space to the
exterior, and appears to have caused the steel framing to corrode, based on the deposit of ferrous oxide on the
exterior wall surfaces below the soffit. The placement of an air barrier, thermal insulation and a vapor retarder to
isolate the above-soffit plenums within the building envelope is recommended as the most effective remedial
measure to improve the performance and controllability of the HVAC systems in the facility.
Failed sealant joints around and within the windows and steel-framed curtainwalls and entrances on the original
building comprise another area of air leakage, although the total glazed area on each section is limited. In the library
and archives wings of the building, the windows, exterior doors and joints between precast panels appear to be the
only significant areas of air leakage. Sealant replacement is considered an item of periodic maintenance, and this
work has been deferred at the facility to a point well beyond the expected service life of the original materials.
The typical exterior wall sections at the museum and library/archives wings were analyzed using THERM 7.4, a
program developed by Lawrence Berkeley National Laboratory for use in the thermal and hygrothermal analysis of
building enclosure systems, under interior environmental conditions normally required for facilities in which paper
and film are archived and artwork and artifacts are stored and displayed. The purpose of the analysis was to
generally determine the condensation potential within the existing exterior wall assemblies. Interior environmental
conditions of 35% relative humidity at 70 degrees Fahrenheit were used in the analysis. In their current
configurations, the exterior walls can be expected to experience condensation of water vapor on the inside faces.
The frequency and quantity of condensation on interior wall surfaces may be reduced by adding thermal insulation
on the interior surfaces, and/or by increasing the flow of air across the walls.

Recommendations
The findings and analysis that are summarized above lead BPA to recommend the following items of building
envelope maintenance/enhancement work. The preliminary cost estimate for each item does not include
engineering, consulting or project management fees, and the costs assume all work will be done during normal
business hours. Restrictions to access soffit areas from interior spaces may create additional expenses.
1. Air-seal and insulate soffits: Spray-applied, closed-cell polyurethane foam insulation (SPF) can be placed
over the top surfaces of the plaster soffits and on the abutting fascia and exterior wall surfaces at the office
and museum areas. The application of SPF to a thickness of 2 inches will provide thermal separation
adequate to significantly reduce heat loss, effectively eliminate air leakage at the soffit perimeters, and
provide a vapor retarder that will reduce condensation potential on the treated surfaces. To maintain the
fire resistance rating required in the facility, the SPF must be coated with an intumescent paint coating. The
coating will reduce the flame spread rating of the SPF, and also will maximize the service life of the new
insulation.
The estimated cost to complete this work at the office and museum soffits is $30,000.
2. Replace exterior joint sealers: As stated above, the deterioration of sealant at steel window frame
perimeters and at joints between precast concrete wall panels has opened the joints to air leakage. It is
recommended that the joint sealers are removed and replaced at these two types of joints. To complete the
sealant replacement work properly requires the full removal of the existing sealant and preparation of all
joint faces to receive new sealant, including the installation of new backing material. Given the age of the
facility, the existing sealant may contain polychlorinated biphenyls (PCBs) and should be tested to confirm
whether they must be handled and disposed of as hazardous materials. The estimated cost excludes
expenses for complying with EPA and OSHA regulations applicable to hazardous materials.
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The estimated cost for sealant replacement at windows and steel curtainwall frames and concrete wall
panel joints is $40,000.
3. Wet-glaze windows and curtainwalls: Air leakage is also occurring in locations where the original glazing
sealant, now approximately 46 years old, has failed. The most cost-effective way to seal existing glazing
systems is by using the “wet-seal” method, which consists of preparing and masking off the joint and
applying a surface seal of high-performance silicone to the cleaned surfaces of glass and steel. This work
will require the removal of loose paint, and should be done in conjunction with repainting of the window
frames. Also, the age of the building presents an elevated probability that the windows were coated with
lead-based paint. Certain window glazing compounds in use through the 1960’s contained chrysotile
asbestos, another hazardous compound regulated by EPA and OSHA guidelines. Testing is recommended
to confirm whether lead and/or asbestos are present. The estimated cost excludes expenses for complying
with EPA and OSHA regulations applicable to hazardous materials.
The estimated cost to wet-seal the steel windows and curtainwalls is $25,000.
Thank you for the opportunity to be of service to your firm. Please feel free to contact me at 202-213-4494 or via
email, if there are any questions regarding the above information.
Sincerely,

George W. Houk, Principal
ghouk@buildingperformanceadvisors.com

APPENDIX C
Asbestos Renovation Impact Survey
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I

INTRODUCTION

Bates Environmental Health & Safety (BEHS) was retained by the Allied Engineering Inc
(AEI) to perform a building survey for asbestos-containing materials in preparation for
mechanical system upgrades and associated renovation to the Cultural Building located on the
Capitol Complex in Augusta, Maine.
Based on the background information and current work practices consistent with Maine
Department of Environmental Protection, the project scope of services consisted of the
following tasks:
• Review previous environmental surveys and drawings.
• Visual inspection in accessible areas of the building for asbestos containing building
materials;
• Sampling and analysis of suspect ACMs in accessible areas of the building in accordance
with Maine DEP Asbestos Management Rules Chapter 425 requirements, if required.
• Written report detailing the survey findings, analytical results, conclusions, and
recommendations.
The objectives of this survey were to provide the Owner with (1) An inventory of asbestoscontaining building materials and components that may require abatement or removal prior to
renovation or demolition; (2) Information needed for compliance with state and federal
asbestos management regulations; and (3) Documentation for city and state demolition
permits if renovation occurs.

!

II. ACCESS
Access to the building was granted upon request by Peter Glasow, BGS and accompanied by
Glenn Carter, BGS. In general, suspect building materials and components were inspected,
inventoried and their overall condition assessed, to the extent to which they were accessible.
The inspection was limited to interior building materials and components. Other buildings on
the property or any sub-surface materials/components are outside the survey scope.
III. METHODS
Asbestos-containing material (ACM) is defined as any building material containing asbestos in
quantities greater than or equal to 1% as determined by visual evaluation, weight or point
count analysis. Suspect building materials were either determined an asbestos-containing
material by polarized light microscopy (PLM), transmission electron microscopy (TEM) or
assumed an ACM in accordance with the Maine Department of Environmental Protection
(MEDEP) and United States Environmental Protection Agency (USEPA) Rules and Regulations.

!
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The following assessment methods were utilized for this survey:
Visual Inspection

MEDEP Protocol

MEDEP Chapter 425

Asbestos Sampling

EPA and MEDEP Protocol

MEDEP Chapter 425

Asbestos Analysis

Bulk Polarized Light Microscopy

EPA 600/M-4-82-020

!

IV. VISUAL INSPECTION
Visual inspection of the building identified the following suspect asbestos-containing building
materials:
• Fiberglas® insulation
• Cement panels

• Ceiling and wall plaster
• Ceiling tiles

• Asphalt-based roofing materials
• Exterior caulks/sealants

• 12 x12 Floor tile
• Asphalt floor adhesive (black)
• Latex Floor adhesive (tan/brown)

• Spray-0n Fireproofing (SFP)

In general, suspect building materials were considered in good condition with the exception of
the following:

!

· SFP in fair condition with localized damage in some spaces with limited access, i.e., above
suspended ceiling tiles

V. SAMPLE RESULTS
Based on limited visual inspection as well as the sample results of this and previous asbestos
surveys, the ACMs identified in this building are listed in Table 1. Table 2 lists ACMs
according to building use, e.g., Museum, etc.

!
VI. DISCUSSION
Due to the fact that horizontal surfaces positioned beneath friable asbestos spray-on
fireproofing are commonly contaminated with fallen asbestos dust and/or debris, work
operations involving the disturbance of such ceilings may potentially result in worker and
building occupant exposure to asbestos and are therefore subject to the requirements of
Maine DEP Chapter 425 Asbestos Management Regulations, OSHA 29 CFR 1910.1001 (for
building occupants) and OSHA 29 CFR 1926.1101 (abatement and construction workers). Work
operations which involve any disturbance of contaminated surfaces, including breaching of
such suspended ceilings or replacement of ceiling panels or sections, the entry of workers into
spaces above such ceilings or any other activity which could cause leakage of asbestos dust or
debris shall be carried out as asbestos abatement projects in accordance with all applicable
provisions of MEDEP Chapter 425. The only exceptions to this policy will be those instances

!
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(work operations) where the surfaces have been demonstrated to be uncontaminated (by
asbestos dust or debris) by visual inspection and/or appropriate analytical testing and there is
no potential for further disturbance of asbestos material during the work operation.

!

Persons who are MEDEP-certified asbestos professionals or OSHA asbestos training may
impact contaminated surfaces, remove ceiling panels or create openings to allow access to
spaces above such suspended or false ceilings in connection with asbestos projects only when
such work is connected in accordance with the following conditions/restrictions:

!

a. Cleaning settled surface dust on horizontal surfaces if SFP is in good condition and SFP will
not be impacted by GC work activity, i.e., requires a Negative Assessment Exposure (NEA).

!
!
!
!
!
!
!

· All building occupants and other personnel not directly involved in the work operation shall
be excluded from the work area, and all operations shall be conducted outside of normal
working hours when and where feasible.
· Only the disturbance of the minimum number of ceiling panels or ceiling surface as may be
required to allow access to spaces above the suspended or false ceiling will be allowed
(usually two 2’x4’ ceiling tiles).
· All personnel involved in the work operation shall be provided with respirators and other
protective equipment.
· Work area barriers shall be used as necessary to contain asbestos fibers to the immediate
work area. At a minimum a layer of plastic sheeting shall be used to cover the floor
surface under the point of access to the suspended or false ceiling.
· Before any asbestos material is handled or disturbed, it shall be wet with water and kept in
a wet condition for the duration of the work operation.
· At the conclusion of the work operation all access holes and breaches in the suspended or
false ceiling created by the work shall be closed.
· All debris generated by or associated with the work operation shall be containerized in
accordance with and disposed in accordance with Maine DEP asbestos management rules.
· Perform a visual inspection.

!
!
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· Perform aggressive air sampling and analyze by either PCM or TEM analysis using an
independent air monitor.
·
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b. Complete removal as a Class I full-containment asbestos abatement activity if SFP is
damaged or could be disturbed (potential damage) by work activity (requires NEA):

!

· Establish the regulated area with installation of 1-layer 6-mil poly critical barriers, either
1-layer 6-mil poly (or 2-layers of 4-mil poly) containment walls, 3-chamber
decontamination unit and negative differential pressure using NAMs.
· Install temporary drop cloths on floors beneath work areas to be removed after each day
to help prevent water damage to flooring materials. Drop cloths may consist of 6-mil poly
sheeting or tarp.
· All intake openings, exhaust openings, and any holes in the building HVAC system and its
components located within the regulated area must be fiber-tight and covered with twolayers of (six) 6-mil fiber-tight sheeting, and all seams in the system must be taped to be
fiber tight.
· Immovable, fixed objects or remaining moveable within the regulated area must be
wrapped with two layers of six (6) mil thick (minimum) polyethylene sheeting that is fibertight prior to the commencement of abatement activity.
· Establish negative differential pressure and confirm using smoke test or equivalent
method
· If removing ceiling tile, remove 1 row around the containment perimeter and install 6-mil
poly sheeting to roof deck..
· If removing ceiling tile, remove 1 row around interior walls and install 2-layers of 4-mil
poly over top of walls.
· Remove the ACM ceiling tile and metal grid including the hanger wire using wet removal
methods. Note: The metal wall angle track is to remain in place.
· All ACMs will be disposed of as ACM waste.
· Perform a visual inspection using AHERA methods by an independent air monitor
· After a successful visual inspection, perform aggressive air sampling and analyze by either
PCM or TEM analysis using an independent air monitor.

!
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VII. RECOMMENDATIONS
The following recommendations are based on the MEDEP, USEPA and US OSHA regulations
and the findings of this report:
R-1

Restrict occupant and maintenance activities in areas with a significant buildup of
visible debris due to asbestos spray-on fireproofing debris.

R-2

Using the services of a Maine DEP-licensed asbestos abatement company, remove
asbestos-containing materials in accordance with Maine DEP asbestos removal work
practices for renovation projects.

!
!
!

BEHS

Cultural Building Asbestos Survey

Page 5
! of !15

R-3

Perform environmental eating for the following contaminants:
• Caulk and sealants for PCB content (building envelope)
• Painted surfaces for Lead content (structural steel)

!
VIII. COST ESTIMATE
Asbestos abatement cost estimates have been developed for planning purposes (see
Attachment 1) and are limited to abatement-related costs only, i.e., no replacement materials,
etc.. The estimates are based on the following assumptions: (1) Removal, transport and
disposal of ACMs by a MEDEP-licensed asbestos abatement contractor; (2) ACMs quantities
and locations are based in part on findings of previous asbestos survey reports; (3) Cost
estimate has been developed with some flexibility to allow for changes to project scope.

!
IX. CLOSURE
This report was prepared by Bates Environmental Health & Safety (BEHS) solely for e Allied
Engineering and their client, Maine Bureau of General Services. This report has been
distributed as a PDF file via electronic mail to the listed recipient(s):
Anthony Davis,
Allied Engineering adavis@allied-eng.com
No reproduction of this report is allowed, unless in full, without the written authorization
from the Client or BEHS. Alteration of this document is not allowed. Authenticity
confirmation can be viewed in the properties section of this software application. To view a
PDF file, visit www.adobe.com for a free download of Adobe Reader®.
This report was prepared by Bates Environmental Health & Safety (BEHS) solely for the
Client. This survey, findings and report represent BEHS professional judgments based on
generally accepted methodologies and assessments. Findings were based on visual inspections
of suspect building materials in building areas usually associated with those materials.
Inspection was limited to interior building materials and components, exterior siding and
roofing and did not include inspection of any other building or structure on the property
unless listed in the survey scope. This survey does not include materials that are deemed
inaccessible by generally-accepted sampling methodologies.
There cannot be a guarantee that all asbestos-containing materials, lead-based paint or other
contaminants have been located or identified. Some of the reasons for this are the following:
(1) sampling was performed on a random basis and the material was assumed to be
homogeneous, (2) multiple samples were collected to minimize error; per EPA and other
guidelines, there is a chance human error will create inconsistencies; and (3) in most cases,
only exposed materials have been sampled; concealed, difficult to reach, or where the

!
!
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sampling would alter the integrity of a system (eg. roof), suspect ACBMs, LBPs and other
contaminants may have to be sampled in coordination with controlled demolition.
In any event, if conditions differ from those described in this report at some later date, we
request the opportunity to review such differences to amend this report if needed.
The information contained in this report is based on physical inspections conducted by BEHS.
We certify the presence or absence of asbestos on the analytical methods of samples
collected as part of this survey.
Signature,

!
Gary M. Bates, President
Asbestos DEP Consultant License No. SF-058
Asbestos Inspector DEP Certificate No. AI-0039
Asbestos Management Planner DEP Certificate No. MP-0031
Asbestos Design Consultant DEP Certificate No. DC-0112
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TABLE 1. SUMMARY OF ASBESTOS CONTAINING MATERIALS (ACMs)
ASBESTOS
MATERIAL
Vinyl Asbestos Tile

DESCRIPTION
12’x12’ vinyl asbestos floor tile (mostly beige color) in several locations.

!

QUANTITY

RENOVATION
IMPACT

15,760 sf

Minor impact only

43,450 sf

Minor impact only

Not Known

Possible significant,
if exterior wall
penetrations are
needed such as
rooftop AHUs for
temporary heating/
cooling.

Good condition with localized damage on a few tiles
Floor Adhesive

Black asphalt-based adhesive beneath both asbestos and non-asbestos
12x12 floor tile in several locations.

!

Note: Assume black, asphalt-based floor adhesive is an asbestoscontaining material.
Flashing/
Damproofing

Asphalt-based flashing and/or damp proofing assumed present in
exterior wall system (assumption based on construction drawings)

!

Note: Requires destructive sampling to confirm presence.

Spray-On
Cementitious fireproofing on structural components throughout 70% of
Fireproofing (SFP) & floor space.
Debris

63,760 sf

Significant impact

!

Includes encapsulated SFP edges remaining around perimeter of
previously-abated rooms and assumed present inside perimeter soffits.

!

Fair condition, in general, with localized damage (delamination, flaking) in
several areas.
Thermal System
Insulation

Thermal system insulation (TSI) on heating/cooling system piping and
components in several areas of the building, consisting mostly of
asbestos-containing mud insulation on pipe fittings above ceilings and in
mechanical rooms.

!

Fittings: 590 ea Significant impact in
mechanical rooms
Pipe: 335 lf
and at terminal unit
connections
Tank: 600 sf

!
!

Good condition
Flange Gaskets
(high temp)

Flange gaskets assumed present in mechanical system components such
as pipe valves.

550 ea

Transite® Panels

Cementitious asbestos-containing board covering ACM spray-on fireproof 16,300 sf
insulation in Museum

Significant impact

Fire-Rated Doors

Interior/exterior doors assumed to contain ACM insulation. Verify if
scheduled for removal

None

220 ea

Minor impact in
Mechanical rooms

!
Table 2: ACM Quantities by Building Function
Pipe Fitting
Insulation
(ea)

Pipe/
Tank
insulation
(lf or sf)

Spray-On
Fireproofing
(sf)

Floor Tile
(sf)

Floor
Adhesive
(sf)

Transite
®
Panels
(sf)

Flange
Gaskets
(ea)

FireRated
Doors
(ea)

Basement

110

600

2,850

280

320

0

100

30

Museum

440

335

26,230

5,100

12,400

16,300

100

60

Library

40

0

14,520

300

20,620

0

100

60

Archives

0

0

20,160

10,080

10,110

0

250

70

590

935

63,760

15,760

43,450

16,300

550

220

Location

Total Amount

!
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PRELIMINARY COST ESTIMATE
OWNER:

!
!

Asbestos Abatement
Cultural Building HVAC Improvements

Maine BGS

DATE: 12/18/2016

!

Select Removal

!
Administrative
Bid Documents

Copying, etc

$500

Contingency

15% Removal Cost

$45,000

Removals - Mechanical Rooms
Containment setup including temporary protection

$8,000

Pre-cleaning of horizontal surfaces

$13,000

Select Removal of SFP as Class I full-containment AA activity

$54,000

Select Removal of TSI (Pipe Fittings, Pipe Covering, Tank Covering) as Class I full-containment AA activity

$5,800

Select Removal of Flange Gaskets (whole component only) as a Class II AA activity

$2,500

Removals - Large Area
Containment setup including temporary protection

$17,000

Pre-cleaning of horizontal surfaces

$6,500

Select Removal of SFP as Class I full-containment AA activity (9000 sf)

$99,000

Select Removal of Transite Panels as Class I AA activity (3000 sf)

$33,000

Select Removal of TSI (pipe fittings & pipe covering) as Class I or II AA activity

$5,000

Removals - Small Area
Containment setup including temporary protection

$5,700

Subtotal

$45,500

Subtotal

$83,300

Subtotal

$160,500

Subtotal

$24,200

Pre-cleaning of horizontal surfaces

$9,000

Select Removal of SFP as a Class I AA activity (500 sf)

$6,500

Select Removal of TSI (Pipe Fittings & Pipe Covering) as a SSSD AA activity

$3,000

Cleaning of SFP Debris on Horizontal Surfaces - Small Area
Enclosure setup including temporary protection

$5,700

Pre-cleaning of horizontal surfaces (3000 sf)

$9,000

Air Monitoring During Active Removal
Daily air monitoring and project monitoring by Maine DEP Air Monitor (45 days)

$21,000
$21,000

Technical Fees & Services

!

Subtotal

Project Design

$18,900

Project Management

$7,900

TOTAL

$26,800

$361,300

APPENDIX D
ASHRAE Design Parameters

APPENDIX E
Mechanical HVAC Conditions and Upgrades Summary

MAINE STATE CULTURAL BUILDING
MECHANICAL HVAC CONDITIONS ASSESSMENT AND UPGRADES SUMMARY
Item #

System

Functional Space
Space Usage

Proposed ASHRAE Control
Classification

HVAC System

System Components

Current System Configuration
Adequate to Maintain
Proposed Control
System Condition Classification
Upgrades Proposed

AREA HVAC
EXHIBITS WING
Basement

1

Office/Break
Room/Storage

Misc

C

2

Toilets

Misc

C

S-1

Constant volume supply fan, general exhaust fan, Steam
preheat, steam reheat, chilled water cooling, no
humidification, Pneumatic controls

Poor

No

Liner for air handler, delete steam reheat coil, replace steam
preheat coil, replace chilled water valve with two way electronic
valve, new damper actuators and steam control valves, rebuild
damper linkages, new electronic controls. Extend return duct to
outside mechanical room for central return. Add Variable speed
drive with pressure control for general exhaust and replace fan E7
(noisy).

E9

Exhaust Fan

Poor

No

Replace exhaust fan/new controls

First Floor

3

Museum Exhibit - First
and Second Floor
Museum Exhibit Display

4

Lower Level
Workshop/Exhibit
Studio

Exhibit Prep

AC-9

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, no humidification, Pneumatic
controls

Poor

No

C

AC-1

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, no humidification, Pneumatic
controls. There is a standalone dust collector, of recirculating
configuration.

Poor

No

A

Constant volume supply fan, mixing box for varying OA based
upon paint booth operation, steam preheat, steam reheat, no
cooling, no humidification, Pneumatic controls
Poor

No

Add Zone VAV Boxes with reheat valves, liner for air handler,
delete steam reheat coil, replace steam preheat coil, replace
chilled water coil, rebuild drain pan, new damper actuators and
steam/chilled water control valves (replacement chilled water
valve will be two way electronic valve), rebuild damper linkages,
new electronic controls. Replace the unit mounted humidifier.
Although duct plans for these spaces are not readily available, we
can estimate 5 VAV. The supply and return fan control will be
upgraded to modulate based upon space cooling needs.
Add one motorized zone damper and duct mounted reheat coil at
each space (2 each)-this will require minor supply duct
modifications to separate the zoning from the Stacks area-see item
20 below, liner for air handler, delete steam reheat coil, replace
steam preheat coil, replace chilled water coil, rebuild drain pan,
new damper actuators and steam/chilled water control valves
(replacement chilled water valve will be two way electronic valve),
rebuild damper linkages, new electronic controls. The supply and
return fan control will be upgraded to modulate based upon space
cooling needs. Replace steam unit heater with hot water unit
heater.

5

Paint Spray

Painting operations

C

Standalone climate
changer with paint
booth exhaust fan

6

Loading Dock

Material entry

C

NA

Steam Unit Heater

Poor

No

Delete steam reheat coil, replace steam preheat coil, new damper
actuators and steam control valve, rebuild damper linkages, new
electronic controls, replace paint booth exhaust fan
Replace steam unit heater with hot water unit heater-new
controls.

7

Janitor's Closets/Elev
Machine Room

Misc

C

E9

Exhaust Fan

Poor

No

See item 2

Exhibit Space

See Item 3 above

See Item 3 above

See Item 3 above

See Item 3 above

See Item 3 above

Second Floor
8

See Item 3 above

See Item 3 above

Third Floor

9

Museum
Exhibit/Temporary
Exhibit/Sales/Lobby

Museum Exhibit Display

A

AC-8

10

Restrooms

Misc

C

E8

Fourth Floor

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, central humidification,
Pneumatic controls

Poor

No

Add Zone VAV Boxes with reheat valves, replace unit mounted
humidifier, liner for air handler, delete steam reheat coil, replace
steam preheat coil, replace chilled water coil, rebuild drain pan,
new damper actuators and steam/chilled water control valves,
rebuild damper linkages, new electronic controls. Replace the
humidifier with a new unit which incorporates electronic controls
and modern safeties.Although duct plans for these spaces are not
readily available, we can estimate 5 VAV terminals. Delete the
existing electric reheat coils.

Exhaust Fan

Poor

No

Replace exhaust fan/new controls

Add Zone VAV Boxes with reheat valves to replace the existing
steam reheat coils in the ductwork, replace humidifier at unit, liner
for air handler, delete unit mounted steam reheat coil, replace
steam preheat coil, replace chilled water coil, rebuild drain pan,
new damper actuators and steam/chilled water control valves
(replacement chilled water valve will be two way electronic valve),
rebuild damper linkages, new electronic controls. Delete the
humidifier at the AH unit and add duct mounted humidifiers at
each zone. Although duct plans for these spaces are not readily
available, we can estimate 6 VAV terminals. The supply and return
fan control will be upgraded to modulate based upon space cooling
needs. Delete the existing electric reheat coils.

11

Museum Exhibit
Spaces

Museum Exhibit Display

A

AC-6

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, central humidification,
Pneumatic controls. Duct mounted steam reheat coils are used
for zone conditioning.
Poor

12

History Lab

Admin/Lab

C

AC-6

Served by AC-6.

Poor

No

13

Natrl History Lab

Admin/Lab

C

AC-6

Served by AC-6. Also contains a fume hood.

Poor

No

14

Art Lab

Admin/Lab

C

AC-6

Served by AC-6. Also contains a fume hood with a dedicated
makeup air unit.

Poor

No

15

Coll Storage

Exhibit Prep

C

AC-6

Served by AC-6. Also contains a fume hood, ventilated storage
cabinets, and paint booth with a dedicated makeup air unit.
Poor

No

Add VAV box with reheat to serve the space, delete steam duct
coil, replace pneumatic controls with electronic.
Add VAV box with reheat to serve the space, delete steam duct
coil, replace pneumatic controls with electronic. Update fume
hood controls to electronic.
Update controls on existing makeup air unit to integrate with the
new DDC controls. Unit shall provide heating and ventilation for
the space with makeup air for the hood. Add a VAV box with hot
water reheat coil for space temperature control.
Update controls on existing makeup air unit to integrate with the
new DDC controls. Unit shall provide heating and ventilation for
the space with makeup air for the hood and for the Paint booth.
Add a VAV box with hot water reheat coil for space temperature
control.

16

Restrooms

Misc

C

E11

Exhaust Fan

No

Replace exhaust fan/new controls

Poor

No

Fifth Floor

17

Resource Room

18

Offices

Resource Archives

Admin

A

C

AC-7

AC-7

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, central humidification,
Pneumatic controls. The space has been partitioned since
original contstruction and the storage space created has been Poor-except the
segregated from AC-7 with a ductless split cooling unit and
ductless split and
wall mount humidifier.
humidifier
No

Add Zone VAV Boxes with reheat valves, liner for air handler,
delete unit mounted steam reheat coil, replace steam preheat coil,
replace chilled water coil, rebuild drain pan, new damper actuators
and steam/chilled water control valves (replacement chilled water
valve will be two way electronic valve), rebuild damper linkages,
new electronic controls. Delete the humidifier at the AH unit and
add duct mounted humidifiers to serve the two areas of the
resource room. This will improve air flow within the resource
storage area. The supply and return fan control will be upgraded to
modulate based upon space cooling needs. The existing ductless
split and wall mounted humidifier may remain as backup.

Served by AC-7-Fintube at perimeter

Upgrade AC-7 as noted in item 17 above. Add VAV boxes with
reheat coils at offices. New DDC controls to control both the VAV
box with Reheat and the perimeter fintube. Estimate 6 VAV boxes.

Poor

No

LIBRARY WING
First Floor

19

Library Closed Stacks

Library Stacks

A

AC-1

See item 4

Poor

No

20

Library
Receiving/Archives
Receiving

Staging

A

AC-1

See item 4

Poor

No

Second Floor

See item 4 for upgrades to the air handling unit. Add motorized
zone dampers and and duct mounted humidifiers with electronic
controls to serve the functional spaces. It appears that two
humidifiers and 2 damper/coil terminals will provide adequate
zoning.
See item 4 for upgrades to the air handling unit. Add motorized
damper with duct mounted coil to serve the functional spaces. It
appears that one coil/damper terminal will provide adequate
zoning. Minor duct revisions will be required at the supply duct to
isolate the zones.

Open Library
Stacks/Document
Stacks/Doc Stacks Off Library Stacks

21

Reference
Office/Circulation
Office

22

Maine Room

23

Admin

Admin

A

C

A

AC-2

AC-3

AC-5

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, Pneumatic controls. Return
damper is inaccessible.

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, Pneumatic controls.

Poor

Poor

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, unit mounted humidifier,
Pneumatic controls. This unit is primarily used to serve the
Archives Wing, although Maine Room is located in the Library
Wing-Confirm Acceptance
Poor

No

Add Zone VAV Boxes with reheat valves, liner for air handler,
delete unit mounted steam reheat coil, replace steam preheat coil,
replace chilled water coil, rebuild drain pan, new damper actuators
(relocate existing return actuator to promote access) and
steam/chilled water control valves, rebuild damper linkages, new
electronic controls. Delete the humidifier at the AH unit and add
duct mounted humidifiers to serve the individual zones. Two
humidifiers and five VAV boxes with reheat coils should provide
adequate cooling. The supply and return fans will be upgraded to
modulate based upon space cooling needs. The ductwork will be
reconfigured at Document Stacks to provide laminar distrubtionto
eliminate "hot spots". Existing fintube radiation will be integrated
with the new temperature control system.

No

Add Zone VAV Boxes with reheat valves, liner for air handler,
delete unit mounted steam reheat coil, replace steam preheat coil,
replace chilled water coil, rebuild drain pan, new damper actuators
and steam/chilled water control valves (replacement chilled water
valve will be two way electronic valve), rebuild damper linkages,
new electronic controls. One VAV box will be added for this zone.
New temperature control will integrate the existing fintube
radiation. The supply and return fans will be upgraded to modulate
based upon space cooling needs.

No

Add Zone VAV Boxes with reheat valves, liner for air handler,
delete unit mounted steam reheat coil, replace humidifier, replace
steam preheat coil, replace chilled water coil, rebuild drain pan,
new damper actuators and steam/chilled water control valves,
rebuild damper linkages, new electronic controls. One VAV box will
be added for this zone. New temperature control will integrate the
existing fintube radiation. The supply and return fans will be
upgraded to modulate based upon space cooling needs.

No

See item 22 for upgrades to the air handler. Three VAV boxes with
reheat coils should provide adequate zoning. The supply ductwork
throughout this space will be reconfigured to accomodate the
zoning. The supply and return fans will be upgraded to modulate
based upon space cooling needs. Existing fintube radiation will be
integrated with the new temperature control system.

No

See item 23 for upgrades to the air handling unit. Add VAV boxes
and duct mounted humidifiers with electronic controls to serve the
functional spaces. It appears that two humidifiers and 3 VAV
terminals will provide adequate zoning.

No

See item 23 for upgrades to the air handling unit. Add VAV boxes
and duct mounted humidifiers with electronic controls to serve the
functional spaces. It appears that two humidifiers and 3 VAV
terminals will provide adequate zoning.

No

See item 22 for upgrades to the air handling unit. Add VAV boxes
with electronic controls to serve the functional spaces. It appears
that four VAV terminals will provide adequate zoning.
Redistribution of the supply duct will be required to accommodate
the zoning. Existing fintube radiation will be integrated with the
new controls.

Third Floor

Administrative
Offices/Lobby/
Technical Processing

24

Admin

C

AC-3

See item 22

Poor

ARCHIVES WING
First Floor

Archives Stacks

25

Archival Storage

A

AC-5

See Item 23

Poor

Second Floor

Archives Stacks

26

Archival Storage

A

AC-5

See Item 23

AC-3

See Item 22-AC-5 serves both the Library and Archives Wing
on third floor with similar space usages. It should be
confirmed that maintaining these spaces on a common air
handler meets the needs of the functions and schedules
within.

Poor

Third Floor

27

North Administrative
Offices

Admin

C

Poor

Search
Room/Reference
Area/Microfilm Room Admin

28

Photoduplication
Lab/Conservation Lab To Be Confirmed

29

C

C

AC-4

AC-4

30

Dark Rooms

Dark Rooms

C

AC-3

31

Toilets

Misc

C

E9

Constant volume supply/return fans, steam preheat, steam
reheat, chilled water cooling, Pneumatic controls. Both the
supply and return fan motors are noted as bad and in need of
replacement on this unit. Additionally, there no head on the
preheat coil valve.

See Item 28

Poor

Poor

No

Add Zone VAV Boxes with reheat valves, liner for air handler,
delete unit mounted steam reheat coil, replace steam preheat coil,
replace chilled water coil, delete unit mounted humidifier, rebuild
drain pan, new damper actuators and steam/chilled water control
valves (replacement chilled water valve will be two way electronic
valve), rebuild damper linkages, new electronic controls. Two VAV
boxes will be added for this zone. New temperature control will
integrate the existing fintube radiation. The supply and return fans
will be replaced and upgraded to modulate based upon space
cooling needs.

No

See item 28 for upgrades to the air handling unit. Minimum
Recommendation: Add VAV boxes with reheat coils to serve the
connected spaces. Two VAV boxes will be required to introduce
adequate zoning. Note: space usage needs to be confirmed in this
space. If spaces are used as Labs, the use of a dedicated air
handler, located on the roof above may be warranted, with 100%
exhaust through the use of area hoods at areas of contaminant
generation. The rooftop unit will be configured with a chilled
water cooling coil, steam pre-heat coil, and terminal VAV boxes
with hot water reheat coils. Integrate the existing fintube
radiation with the new controls.

See Item 22.

Poor

No

Remove these spaces from AC-3. Add a dedicated exhaust fan
ducted to the roof above and transfer air in from the adjacent Lab.
Replace control valve and control for the existing fintube radiation.

See Item 2

Poor

No

See Item 2

No

Replace the unit in its entirety. The new unit will be sized to
accommodate both the heating and cooling loads of the space and
will incorproate steam face and bypass heating coil, chilled water
cooling coil, CO2 control to modulate outside air based upon space
occupancy. This unit shall configured with diversity in mind, based
upon the maximum occupancy expected within the space. Unit will
be controlled via the new control system.

No

Replace the R22 unit with a new variable speed drive chiller sized
at 140 ton, to match existing. Replace the chilled water pumps,
Add VFD's for pumps to modulate based upon building cooling
load. Upgrade controls to integrate with new DDC.

No

Replace both towers and condenser pumps. Towers will be
upgraded to incorporate VFD fans to improve efficiency. Upgrade
controls to integrate with electronic DDC.

No

Replace both heat exchangers and both pumps, sized to
accommodate new hot water reheat coils throughout, in addition
to the existing fintube radiation. Replace the current steel piping
serving the fintube radiation as it is reported to be in very poor
condition and add a piped hot water loop to serve the new reheat
coils throughout. Pumps will be VFD modulate speed based upon
building heating load. Upgrade to electronic DDC controls.

MAIN ENTRY
Third Floor

Main Lobby/Gathering
Space
Lobby/Gathering

32

C

AH-42

Constant volume rooftop air handling unit with steam face and
bypass heating coil. This unit has no cooling, pneumatic
controls, and the steam piping is in very poor condition. Space
served is very warm, especially during heavy occupancy
gatherings.
Poor

CH-1 and CH-2

Both chillers are of 140 ton capacity, one utilizes R22
refrigerant and is approximately 20 years old, the other utilizes
134a and is approximately 5 years old. It is reported that one
chiller will maintain the cooling capacity of the building.
Poor

MECHANICAL INFRA
STRUCTURE

Basement Mechanical
Room
Infra-structure

33

Chillers

34

Cooling Towers and Mechanical Equipment
Yard
Condenser Pumps
Infra-structure

35

Steam to water heat
exchanger and hot Basement Mechanical
water distribution
Room
Infra-structure

NA

NA

NA

CT-1 and CT-2, CP-1 Both the cooling towers and pumps are in poor condition with
and CP-2
very rusty basins and evidence of previous repairs.
Poor

HE-1 and HE-2, P-3
and P-4

Heat exchangers and pumps appear to be original and in poor
condition. Currently the hot water distribution is sized for the
fintube radiation only.
Poor

36

Steam Distribution

Throughout

Infra-structure

NA

NA

Steam traps are leaking at several areas throughout, insulation
is in poor condition.
Poor

No

Replace steam traps at all terminal devices and low point drips, reinsulate the piping for steam and condensate within mechanical
spaces, upgrades the steam service to the heat exchangers to
accommodate the increased capacity, replace the condensate
receiver/pump set at the basement mechanical room.

37

Mechanical
Equipment Room
Exhaust Fans

Throughout

Infra-structure

NA

NA

Fans appear original to the building

No

Upgrade controls at fans and replace as required.

38

Automatic
Temperature
Controls

No

Upgrade the Automatic Temperature Control system to
incorporate an electronic DDC system of integrated control to
serve equipment and spaces throughout.

Throughout

Infra-structure

NA

NA

Honeywell Pneumatic, primarily

Original

Original

BUILDING ENVELOPE

39

40

41

42

43

44

45

46

Exhibits Wing

Exhibits Wing

Exhibits Wing

Exhibits Wing

Library Wing

Library Wing

Archives Wing

Archives Wing

3rd/4th Floors

5th Floor

1st - 5th Floors

1st - 5th Floors

2nd - 3rd Floors

3rd Floor

3rd Floor

3rd Floor

Museum

Offices

Museum, Offices

Museum, Offices

Library

Library

Archives

Archives

NA

NA

NA

NA

NA

NA

NA

NA

ASHRAE Control Classes:
A: Winter- Space temperature setpoint 70 degrees +/-4 deg, 35% RH +/-5%
Summer- Space temperature setpoint 70 degrees +/- 4 deg, 45% RH +/- 5%
B: Winter- Space temperature setpoint 70 degrees +/-9 deg, 35% RH +/-10%
Summer- Space temperature setpoint 70 degrees +/- 9 deg, 45% RH +/- 10%
C: Winter- Space temperature setpoint 70 degrees +/-9 deg, 25% RH to 45% RH
Summer- Space temperature setpoint 70 degrees +/- 9 deg, 45% to 75% RH

Notes:
1. Air handler upgrades, as noted herein, will include a new liner. Specifically that item will include removal of the existing acoustic
insulation, coating the interior of the unit with a spray applied sealing system, equal to Aquis Solutions, rebuilding the drain pan as
required under the cooling coil section, and applying new insulation where required.
2. Air handler upgrades will include upgrades to the current filter sections to accommodate MERV 8 prefilters and MERV 14 final
filters at areas designated for Class A control.

NA

NA

NA

NA

NA

NA

NA

NA

Soffit

Soffit

Exterior Sealant

Glazing System

Exterior Sealant

Glazing System

Exterior Sealant

Glazing System

Poor

Poor

Fair to Poor

Fair to Poor

Fair to Poor

Fair to Poor

Fair to Poor

Fair to Poor

No

No

No

No

No

No

No

No

Air-seal soffit and exterior wall surfaces: spray-apply closed-cell
polyurethane foam insulation over soffit and exterior wall surfaces
above exterior plaster soffit finish. Cover surfaces of cured foam
insulation with one coat of intumescent paint.
Air-seal soffit and exterior wall surfaces: spray-apply closed-cell
polyurethane foam insulation over soffit and exterior wall surfaces
above exterior plaster soffit finish. Cover surfaces of cured foam
insulation with one coat of intumescent paint.
Replace exterior sealant: Remove existing sealant, prepare joints to
receive new sealant, install new backer road and silicone sealant.
Estimated cost excludes expenses for complying with EPA and OSHA
regulations applicable to hazardous materials (original sealant is
suspected to contain PCBs).
Wet-glaze windows with high-performance silicone and repaint
window frames. Estimated cost excludes expenses for complying with
EPA and OSHA regulations applicable to hazardous materials (original
paint is presumed to contain lead; glazing compound is assumed to
be ACM).
Replace exterior sealant: Remove existing sealant, prepare joints to
receive new sealant, install new backer road and silicone sealant.
Estimated cost excludes expenses for complying with EPA and OSHA
regulations applicable to hazardous materials (original sealant is
suspected to contain PCBs).
Wet-glaze windows with high-performance silicone and repaint
window frames. Estimated cost excludes expenses for complying with
EPA and OSHA regulations applicable to hazardous materials (original
paint is presumed to contain lead; glazing compound is assumed to
be ACM).
Replace exterior sealant: Remove existing sealant, prepare joints to
receive new sealant, install new backer road and silicone sealant.
Estimated cost excludes expenses for complying with EPA and OSHA
regulations applicable to hazardous materials (original sealant is
suspected to contain PCBs).
Wet-glaze windows with high-performance silicone and repaint
window frames. Estimated cost excludes expenses for complying with
EPA and OSHA regulations applicable to hazardous materials (original
paint is presumed to contain lead; glazing compound is assumed to
be ACM).

APPENDIX F
Project Budget and Estimate of Probable Construction Cost

State of Maine
Department of Administrative and Financial Services
Bureau of General Services

Project Budget Summary
HVAC Upgrades-Scoping Phase

Date of this report: 12/20/2016

Maine State Cultural Building
Augusta, Maine

Part A: Administrative
1
2
3
4
5.1
5.2
5.3
6
7
8
9
10
11
12

Land
Advertising
Legal/Insurance
Bid Document Printing and Handling
Furnishings
Fixtures
Equipment
Telecommunications
Security Systems
Percent for Art program
Moving, Temporary Space
Bid Contingency
Construction Contingency

$0

$1,000
$0
$0
$0
$0
$0
$53,330
$0

Part A Subtotal

$533,270
$587,600

this space for comments
this space for comments
this space for comments
this space for comments
this space for comments
this space for comments
this space for comments
this space for comments
this space for comments
1% of construction cost estimate
this space for comments
5% of construction cost estimate
5 to 10% of construction cost estimate

Part B: Fees & Services
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Architect/Engineer Basic Services Fee
Additional A/E Services Fees (Supplemental Agreements)
A/E Reimbursables Expenses
CM Preconstruction Fee (if used)
CM Preconstruction Reimbursable Expenses (if used)
Hazardous Materials Removal Design
Environmental Phase I / Renovation Impact Study
Survey
Soils/Borings
Preconstruction Testing
Construction Testing
Life Cycle Cost Analysis
Hazardous Materials Removal
Construction Clerk
Owner's Representative
Part B Subtotal

$533,270

$0
$0
$0

$0
$0
$0
$0
$0
$0
$533,270

this space for comments;
this space for comments
this space for comments
this space for comments
this space for comments
this space for comments
this space for comments, ex.: "not required"
this space for comments
(ex.: environmental site assessment)
this space for comments
this space for comments
Included in Construction Cost Estimate
this space for comments
this space for comments

Part C: Construction
29 Estimate of Probable Construction Cost
31
Part C Subtotal

$5,332,681
$5,332,681

32

$6,453,551

Total Project Cost
Allocated Amount
Building Areas
New Construction
Renovation
Total

Appendix F-Project Budget.xlsx Project Budget Summary

(initial budget sheet can track new, reno., site devel.)

limit of funding

SF
150,000 SF
150,000 SF

Page 1 of 1

Schedule of Values

Facility:
Date:

Maine State Cultural Building-HVAC Upgrades
12/20/2016

Item

Description of Work

Division 01

Unit

General Conditions
1.0 General Requirements

Existing Conditions
2.0 Asbestos Abatement
2.1 Remove and replace suspended acoustical tile ceilings as required
2.2 Roof and Wall Mods for Fresh Air Intake

Division 03

Concrete
3.0 None

Division 05

353,000

Subtotal Division 03 $

-

Metals
5.1 Steel Beam Reinforcement (4 locations)
5.2 Metal Stud Wall infills for Plenum

7.1
7.2
7.3
7.4
7.5

Division 23

23.1
23.2
23.3
23.4
23.5
23.6
23.7
23.8
23.9
23.10
23.11
23.12
23.13
23.14
23.15
23.16
23.17
23.18
23.19
23.20
23.21
23.22
23.23
23.24
23.25
23.26
23.27
23.28
23.29

26.0
26.1
26.2
26.3
26.4
26.5

Subtotal Division 26 $

565,500

Division 02 to 26 - Subtotal $
Including General Requirements $

4,132,900
4,752,835

Bldg. Permits
Bonds & Insurance
Profit

289,000
44,000
20,000

$

-

1
22,000
1

$
$
$

289,000.00
2.00
20,000.00

LS

1

LS
LS

1
1

$
$

30,000.00
12,000.00

$
$

30,000
12,000

LS
LS
LS
LS
LS

1
1
1
1
1

$
$
$
$
$

30,000
40,000.00
8,000.00
6,500.00
25,000.00

$
$
$
$
$

30,000
40,000
8,000
6,500
25,000

LS
LS
LS
LS
LS
LS
LF
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS

1
1
1
1
1
1
12,000
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

25,000
100,000
25,000
20,000
39,200
25,000
15.00
75,000
96,000
20,000
300,000
400,000
30,000
25,000
2,500
1,500
751,200
35,000
45,000.00
45,000
96,000
62,000
32,000
85,000
42,500
90,000
20,000
20,000
375,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

25,000
100,000
25,000
20,000
39,200
25,000
180,000
75,000
96,000
20,000
300,000
400,000
30,000
25,000
2,500
1,500
751,200
35,000
45,000
45,000
96,000
62,000
32,000
85,000
42,500
90,000
20,000
20,000
375,000

LS
LS
EA
LS
LS
LS

1
1
4
1
1
1

$
$
$
$
$
$

6,000
200,000
15,500
92,500
4,000
201,000

$
$
$
$
$
$

6,000
200,000
62,000
92,500
4,000
201,000

$
$
$
$
$
$
$
$
$
$
$

3,062,900

Electrical
Electrical Removals
New 2000A 480/277V 3-phase, 4-Wire Switchboard and Feeder Conductors
New Distribution panel
Distribution Panel Feeders
Wiring and Connections for Temporary Air Handler
Mechanical Equipment Connections, Wiring and Devices

Subtotal

$
$
$

LS
SF
LS

109,500

Heating Ventilating and Air Conditioning
Demolition
Temporary Air Handler
Temporary Ductwork
Temporary Piping
New Steam to Water Heat Exchangers
Hot Water Pumps
Hydronic Heating Piping
Steam/Condensate Piping and Accessories
Pipe Insulation
Rigging
Chiller
Cooling Towers
Chilled Water Pumps
Condenser Water Pumps
Chilled Water /Condenser Water Piping
Chilled Water /Condenser Water Piping Insulation
Mods to AC-1 through AC-9
Mods to S-1 and EF-7
Mods to MUA Units and Associated Exhaust Fans
Replace Toilet/Elev/Storage Room Fans
Replace RTU at Gathering Space - Add Chilled Water Piping
Terminal VAV with Reheat
Duct Mounted Humidifiers
Zone MOD's with Airflow Stations
Duct Mounted Reheat Coils
Duct Modifications and Sealing
Duct Insulation
Testing, Adjusting, and Balancing
Temperature Controls
Subtotal Division 23 $

Division 26

619,935

42,000

Thermal & Moisture Protection
Air Seal and Insulate Soffits
Replace Exterior Joint Sealers
Wall covering of Plenum Buildouts - EIFS or Metal
Roof Ballasted Membrane and Flashing Mods for Plenum Buildouts
Wet Glaze Windows and Curtainwall Assemblies
Subtotal Division 07 $

$

619,935

Subtotal Division 02 $

Subtotal Division 05 $
Division 07

Scheduled
Value

$/unit

15.00%
Subtotal Division 01 $

Division 02

quantity

1.00% $
1.20% $
10.00% $
Total Building Cost $

5,332,681

Total Probable Project Construction Cost $

5,332,681

47,528.35
57,034.02
475,283.50

APPENDIX G
HVAC Key Plans

3,855 sf

AC-9
10,478-SF

S-1
3,856=SF

10,478 sf

21,235 sf

AC-1
21,235-SF

10,591 sf

AC-5
10,591-SF
29 ft

AC-9
10,565 sf

AC-5
237 sf

755 sf

AC-5
AC-3

18,658 sf

2,557 sf

9,452 sf

AC-2
18,658-SF
29 ft

AC-5
9,452-SF

AC-8
13,626-SF
13,626 sf

AC-3
17,390 sf

AC-3
17,390-SF

1,773 sf

AC-4
2,516 sf

AC-4
4,289-SF

AC-3

AC-6
16,764-SF
16,764 sf

AC-7
7,499-SF
7,499 sf

